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ABSTRACT 
 Mountain Black-eye (Chlorocharis emiliae), Oriental Magpie-Robin (Copsychus 
saularis) and White-rumped Shama (C. malabaricus) are Bornean passerines with 
different population dynamics. To determine the effect of these differences on their 
population structures, I examined mitochondrial DNA sequences and morphological 
characters of populations within each species in Sarawak and Sabah, Malaysia. 
Chlorocharis is a white-eye (Zosteropidae), endemic to Borneo, with a unique “sky 
island” distribution. Molecular and previously obtained morphological data support its 
traditional division into at least three subspecies. An unexpected result of my 
comparisons was a marked genetic subdivision between its Sabah and Sarawak 
populations. C. malabaricus and C. saularis are widespread lowland thrushes (Turdidae). 
Both are divided into two subspecies on Borneo based on plumage, and these subspecies 
meet near the Sabah-Sarawak border. My comparisons indicated that C. malabaricus 
subspecies, for the most part, do not hybridize and can be considered full species, 
whereas C. saularis subspecies hybridize extensively and should be retained as 
subspecies. The distinct population characteristics of the three species may be attributed 
to their different life styles. Chlorocharis occurs mainly on Borneo’s highest peaks, and 
even during glacial periods when montane forest descended in elevation its populations 
apparently remained isolated from one another. C. malabaricus is a forest interior species 
that was divided into two populations in the early Pleistocene. Its populations have only 
recently come in contact with one another, presumably because of the species’ limited 
dispersal propensity. C. saularis on the other hand is an open country species. It too was 
subdivided in the early Pleistocene, but its populations have greater dispersal propensity 
ix 
and may have moved more into rapidly contact with one another than C. malabaricus 
populations. The most important discovery of this study is that despite different 
population dynamics and habitats, the three species exhibit the same population 
subdivision in the vicinity of the Sabah-Sarawak border. In Copsychus, the subdivision 
may be explained by the withdrawal of populations to rainforest refugia during the 
Pleistocene. However, no simple explanation exists for Chorocharis, which as a montane 
species should not be similarly subdivided. It should have expanded, not contracted, 
during glacial events. 
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CHAPTER 1 
INTRODUCTION 
 
Sundaland is the geographic region that encompasses Southeast Asia’s Sunda 
continental shelf and its land masses, i.e., the Malay Peninsula, Sumatra, Java, Borneo, 
Palawan, and many small islands. Traditionally called the Malay or Indo-Malayan 
Archipelago, the islands of Sundaland form a classic site for the study of biogeography. 
This is because they inspired the modern science of biogeography (Wallace 1876, 1883), 
and also because the islands are home to a complex mixture of floras and faunas with an 
intriguing evolutionary history (Whitmore 1987, Hall and Holloway 1998, Morley 2000). 
A major force influencing the region’s biodiversity was the clash between the Asian 
(Sunda) and Australian (Sahul) continental plates. This tectonic process began in the 
early Cenozoic (ca. 55 Ma) and continues to this day (Hall and Holloway 1998). It has 
resulted in the formation of thousands of continental and oceanic islands east of 
Sundaland—including the Philippines, Sulawesi, the Moluccas, and Lesser Sundas—and 
the mingling of plants and animals of Asian and Australian heritage across the entire 
region, including Sundaland. A more recent biogeographic force, since the late Pliocene 
and continuing through the Quaternary, is a series of sea level changes caused by glacial 
and interglacial events that alternately exposed and submerged the Sunda continental 
shelf, thereby repeatedly connecting and disconnecting the Sunda Islands to one another 
and the Asian mainland (Inger and Voris 2001, Bintanja et al. 2005). The most famous 
and best understood of these events is the Last Glacial Maximum (LGM), which occurred 
in the latest Pleistocene, about 20,000 years ago, and caused the sea level to fall by ca. 
120 m (Voris 2000, Sathiamurthy and Voris 2006, Cannon et al. 2009). During glacial 
events, when sea levels were low, climatic conditions differed substantially from what we 
2 
see today. The exposed area of Sundaland took on continental rather than island 
characteristics (Morley 1998, Bird et al. 2005). Lowland and montane rainforest habitats 
shifted in extent and position (Cannon et al. 2009). Montane forest descended in 
elevation due to colder temperatures and potentially covered much larger areas of 
Borneo, Sumatra, and the Malay Peninsula. Lowland rainforest moved onto the relatively 
flat region of the South China Sea or was displaced by mountains into small refuges at 
the fringes of eastern and western Sundaland (Figure 2.3). At its center, Sundaland would 
have been relatively dry due to reduced oceanic effects, and less rainfall likely resulted in 
savannah-like habitat instead of rainforest (Morley 2000, Bird et al. 2005). At its 
margins, Sundaland was probably wet and swampy because of its low relief (Slik et al. 
2009). These habitat changes mean that what we see today does not reflect the size and 
distribution of habitats predominating in the Pliocene and Pleistocene. In fact, what we 
currently see today is an unusual time-slice of a very complex situation. 
The dynamic geologic, climatic, and biotic history of Sundaland has provided it 
with a rich avifauna (Van Marle and Voous 1988, MacKinnon and Phillipps 1999, 
Smythies 1999, Wells 1999, Wells 2007). Its bird diversity can be traced to many forces, 
including the ancient melding of continental faunas and recent glaciation. The more 
ancient forces are responsible for some remarkable relictual avian endemics, such as the 
Blue-tailed Trogon (Apaloderma reinwardtii) on Sumatra and Java, the Bristlehead 
(Pityriasis gymnocephala) on Borneo, and Malaysian Rail-babbler (Eupetes macrocerus) 
on the Malay Peninsula, Sumatra, and Borneo (Moyle et al. 2006, Jønsson et al. 2007, 
Hosner et al. 2010). More recent forces include multiple invasions of species from south 
Asia. For example, disjunct distributions occur between Indochinese and Javan taxa in 
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various groups, including the tailorbirds (Orthotomus) and shrike babblers (Pteruthius) 
(e.g., Reddy 2008, Moyle et al. 2012, Sheldon et al. 2012). The ancestors of these 
disjunct taxa appear to have traversed the savannahs of central Sundaland during glacials 
(Sheldon et al. 2012). Tramps have also moved in from the Australo-Papuan region, 
including whistlers (Pachycephala) and gerygones (Gerygone) (Sheldon et al. 2001). We 
also find lots of evidence of subdivision of rainforest taxa within Sundaland, apparently 
caused by early glacial events (Moyle et al. 2005, Sheldon et al. 2009c, Lim et al. 2010, 
Lim et al. 2011, Lim and Sheldon 2011, Moyle et al. 2011). 
Although glacial events clearly are responsible for some speciation in Sundaland, 
their role is more complicated than traditionally assumed. The traditional view of 
diversification in Sundaland was that Pleistocene glaciations acted as a “pump”, in which 
alternate isolation and colonization of islands helped create species (Heaney 1986, 
Whitmore 1987). However, we now know that most Sundaic speciation occurred before 
the Pleistocene, or at least before the late Pleistocene (Lim et al. 2010, Lim et al. 2011), 
and that the process was not a simple matter of connecting and disconnecting islands. 
During low sea-levels, land bridges certainly connected the Sunda islands with each other 
and the mainland, but habitat barriers in the form of large river systems, more extensive 
montane forest ranges, and widespread swamp and dry woodland probably prevented 
widespread intermingling of some taxa (Heaney 1991, Brandon-Jones 1998, Gathorne-
Hardy et al. 2002, Gorog et al. 2004, Ryan and Esa 2006, Sheldon et al. 2009c, Lim et al. 
2011). Also, the position and strength of such barriers may have changed between glacial 
maxima, making it difficult to pinpoint when and where vicariance occurred, especially 
without paleoenvironmental models of events earlier than the LGM (Cannon et al. 2009). 
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This problem is made worse by wide confidence intervals in molecular dating, which 
often span several glaciation events, or even span millions of years (Lim and Sheldon 
2011, Moyle et al. 2012, Sheldon et al. 2012). The result is that we do not know specific 
geographic events responsible for the production of most species in the Sunda Islands. 
Although it is difficult to pinpoint speciation events in Sundaland, it is still 
possible to examine population dynamics that may have caused speciation. Pleistocene 
glacials and interglacials, and resulting shifts in habitat types and locations, have created 
a variety of interactions among bird populations that can be examined using modern 
molecular and analytical techniques. In this dissertation, I take advantage of this 
opportunity to explore population vicariance and dispersal of birds in the mountains and 
lowlands of Borneo. As the third largest island in the world, with a rich history in 
ornithological and biogeographic research (Wallace 1883, Whitehead 1893, Smythies 
1999), Borneo is an excellent locality for such studies. It has the most extensive set of 
modern bird collections in Southeast Asia from which to draw material for morphological 
and molecular genetic comparisons (Sheldon et al. 2001, Sheldon et al. 2009b) and, most 
importantly, recent genetic work on populations of Bornean birds have shown that many 
species have distinct genetic subdivisions and complex population relationships worth 
investigating by molecular genetics and morphology (Moyle et al. 2005, Sheldon et al. 
2009c, Lim et al. 2010, Lim et al. 2011, Lim and Sheldon 2011, Moyle et al. 2011). 
I begin my investigation in Chapter 2 by examining molecular genetic 
relationships among populations of the Mountain Black-eye (Chlorocharis emiliae), a 
particularly interesting montane endemic of Borneo. This species is divided into four 
subspecies and has a unique sky-island distribution, in which disjunct populations occur 
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on the highest peaks in Borneo’s central mountain chain and also on some lower 
mountains that are isolated from the central chain. Its distribution and population 
differences make the black-eye an excellent species for studying the processes 
responsible for sky island diversification (Knowles 2000, 2001, McCormack et al. 2008). 
Although black-eyes currently have a disjunct distribution, their populations should have 
been connected during the LGM, when montane forest in Sundaland may have descended 
as low at 1400 m (Stuijts et al. 1988, Morley 2000). Thus, little genetic differentiation is 
expected among black-eye populations if they were not already reproductively isolated 
from one another before the LGM. To investigate this possibility, I compared the major 
populations of black-eyes using a variety of mitochondrial DNA sequences. I also used 
these sequences to assess the current classification of the black-eyes in light of earlier 
studies of their morphology (Mees 1955, Ramji et al. 2012b). This chapter of the 
dissertation has already been published (Gawin et al. 2014). 
The next three chapters of the dissertation deal with hybridization and hybrid 
zones in the lowlands of Borneo. The first of these (Chapter 3) is a review of animal 
hybridization. It covers the history, terms, and models of animal hybridization and sets 
the stage for the next two chapters, which describe the morphological and genetic 
variation and hybridization of two lowland congeners: Oriental Magpie-Robin 
(Copsychus saularis) and the White-rumped Shama (C. malabaricus) (Chapters 4 and 5). 
These two species are probably the most famous examples of hybridizing animals in 
Southeast Asia. Apparently as a result of Pleistocene glacial dynamics, populations of 
these species on Borneo and Java are morphologically and genetically subdivided 
between eastern and western parts of the islands (Mees 1986, Mees 1996, Collar 2004, 
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Sheldon et al. 2009c, Lim et al. 2010, Sangster et al. 2010). C. saularis on Borneo and 
Java is divided into white-bellied subspecies musicus in the west, and black-bellied 
subspecies adamsi, pluto and amoenus in the east. C. malabaricus is divided into black-
capped western and white-capped eastern subspecies on Borneo (sometimes considered 
two separate species): C. m. suavis and C. m. stricklandii, respectively. (An analogous 
situation occurs on Java, which also has western and eastern subspecies of C. 
malabaricus, but the Javan subspecies are quite different from those on Borneo (Mees 
1996), and there is no confusion of taxa between the two islands. Thus, I did not 
investigate the Javan situation in C. malabaricus in this thesis.) 
The formation of subspecies of each species on Borneo (and probably Java) 
appears to be due to the isolation of populations in western and eastern Sundaland as a 
result of rainforest refugia formation during the early Pleistocene (Lim et al. 2010). The 
western subspecies (C. s. musicus and C. m. suavis) are apparently recent invaders of 
Borneo, and C. s. musicus appears to be a recent invader Java as well. These invaders are 
now apparently hybridizing with their eastern subspecies on each island. The locations of 
the hybrid zones and the extent of hybridization are unclear, however, and by applying 
morphological and molecular techniques, I attempt: to define the contact zones and 
determine their characteristics, to establish the extent of hybridization, and to determine 
whether the populations in contact are different species (rather than subspecies). To my 
knowledge, this study is the first intensive molecular investigation of bird hybridization 
in Sundaland.  
The final Chapter (6) brings together my population studies of black-eyes, 
magpie-robins, and shamas in light of what we know about general patterns of 
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diversification in Borneo from previous genetic studies of Bornean plants and animals. A 
major discovery of earlier molecular studies is that the black-eyes exhibit the same 
distributional genetic subdivision as lowland species, such as the magpie-robins and 
shamas, i.e., that a population break occurs roughly in accordance with Sabah’s border. 
The cause of this subdivision in lowland taxa is easily (if not precisely) explained by the 
possible existence of refuges in eastern and western Sundaland during glacial events. The 
cause for montane species vicariance, is less easily explained and remains a mystery 
requiring further study. 
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CHAPTER 2 
PATTERNS OF AVIAN DIVERSIFICATION IN BORNEO: THE 
CASE OF THE ENDEMIC MOUNTAIN BLACK-EYE 
(CHLOROCHARIS EMILIAE) 
 
 
INTRODUCTION 
The island of Borneo is well known for the diversity and endemism of its avian 
species, especially in montane areas (Whitehead 1893, Smythies 1999). Given recent 
taxonomic revisions, 51 endemic species are now recognized on the island, 36 of which 
are montane or hill slope specialists (Mann 2008, Myers 2009, Phillipps and Phillipps 
2011). In general, Borneo’s montane endemics are found above 1200-1400 m along the 
island’s main mountain range, which runs southwest from Mt. Kinabalu (in the extreme 
northeast) and dominates the central part of the island (Figure 2.1). Many of these 
endemics also reach isolated peaks well away from the main range. However, a few of 
Borneo’s montane endemics have highly restricted or even peculiar distributions. The 
Friendly Bush Warbler (Locustella [Bradypterus] accentor), for example, appears only 
on Borneo’s three highest mountains, all above 2500 m, and the Mountain Black-eye 
(Chlorocharis emiliae) occurs mainly on isolated peaks above 2000 m, but also on a few 
outlying, lower elevation mountains. Some recent phylogenetic studies of Bornean 
montane endemics—viz., Bornean Swiftlet (Collocalia dodgei), Whitehead’s Trogon 
(Harpactes whiteheadi), Whitehead’s Spiderhunter (Arachnothera juliae), Bornean 
Forktail (Enicurus borneensis), Pygmy White-eye (Oculocincta squamifrons), Bornean 
Stubtail (Urosphena whiteheadi), and Mountain Black-eye—have shown that their most 
closely related species or subspecies reside on other islands, especially Java and the 
Philippines, rather than on Borneo (Moyle et al. 2005, Moyle et al. 2008, Moyle et al. 
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2009, Hosner et al. 2010, Alström et al. 2011, Moyle et al. 2011). The same is 
undoubtedly true of the Friendly Bush Warbler. But other studies have found (Moyle et 
al. 2011) or suggested (Moltesen et al. 2012, den Tex and Leonard 2013) that some 
Bornean montane endemics—specifically the barbets Megalaima eximia, M. monticola, 
and M. pulcherrima; the Bornean Spiderhunter (A. everetti), and the Bornean Leafbird 
(Chloropsis kinabaluensis)—are more closely related to congeners in the Bornean 
lowlands than on other islands. The same is probably true for Whitehead’s Broadbill 
(Calyptomena whiteheadi) and Hose’s Broadbill (C. hosii). Such biogeographic patterns 
and anomalies have intrigued avian biogeographers since the interior mountains of 
Borneo began to be explored in the 1930s (Banks 1937, Harrisson 1949, Smythies 1957, 
1960, Sheldon et al. 2001, Sheldon et al. 2013). As our knowledge has grown, apparently 
idiosyncratic historic patterns have emerged. It is now evident that a multitude of 
evolutionary forces spread over a long period of time have shaped the montane avifauna 
of Borneo. Fortunately, with the advent of modern molecular and analytical methods, we 
are finally in a position to explain at least some of the causal forces behind the 
distribution of Borneo’s montane birds. 
  It may be assumed that populations of birds on Bornean mountains have been 
influenced to some degree by climatic fluctuations associated with global glacial cycles. 
During periods of global cooling and glaciation, the sea levels fall, land area increases, 
and oceanic effects are moderated. The general effects of glacial cycles on the Greater 
Sunda Islands (Borneo, Sumatra, and Java) are well known; the Sunda continental shelf 
was periodically exposed and submerged, thereby connecting and disconnecting the 
islands with one another and the Asian mainland (Hanebuth et al. 2000, Voris 2000, Bird 
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et al. 2005, Cannon et al. 2009). Global temperatures also potentially caused montane 
forests of Sundaland to rise and fall in elevation (Morley 2000, Cannon et al. 2009). 
Pollen data from Sumatra and Java show that montane forest descended from 
approximately 1700 - 2400 m to 1200 – 1500 m during the last glacial maximum (LGM) 
about 23,000 - 19,000 years ago (figure 4 in Flenley 1998, figure 9.30 in Morley 2000). 
Some models that incorporate these palynological data with geographic and climatic data 
suggest the possibility that during the LGM much of central Borneo consisted of montane 
and submontane evergreen forest (Figure 2.2); lower elevation rain forest that currently 
covers the island was relegated to the fringes of modern-day Borneo and to the large area 
of continental shelf presently under the South China Sea (Cannon et al. 2009). An 
expansion of Borneo’s montane forest during the LGM (and presumably earlier glacial 
periods) would explain how birds of the central range reached isolated mountains. The 
combination of land connections between islands and expanded montane forest would 
also increase the likelihood of montane bird dispersal among, as well as within, major 
islands. Overall, the connectivity that allowed colonization of isolated peaks might also 
be expected to homogenize populations through gene flow and preclude their 
differentiation. 
The Mountain Black-eye (Chlorocharis emiliae Sharpe 1888) is a particularly 
interesting montane endemic of Borneo (Figure 2.1). It is a typical white-eye of the 
family Zosteropidae (Hartert 1897, Finsch 1901, Moyle et al. 2009), but has black rather 
than white eye-ring feathers. It prefers the shorter, scrubbier forest found at high 
elevation, where it is abundant, but it may also range lower to forage, especially in times 
of drought (Harrisson 1955, Smythies 1999). Thus, it has been recorded as low as 1250 
11 
m, but occurs mainly above 1800 m (Smythies 1999). Because of their preference for 
high elevation, but not extreme, habitat, Black-eyes have a unique distribution, appearing 
mainly on Borneo’s highest peaks, but also on some isolated, lower elevation mountains. 
Specifically, they occur on (Figure 2.2): Mt. Tambuyukon (2580 m), Mt. Kinabalu (4095 
m), Mt. Trus Madi (2642 m), and Mt. Alab (2085 m) in northern Sabah, Malaysia; the 
Paya Maga Highlands (highest point Mt. Matalan, 1860 m) at the border of Sabah and 
Sarawak; Mt. Harun (=Arun, 1998 m) in the Kayan-Mentarang National Park, East 
Kalimantan, near the Sabah-Sarawak border; Mt. Mulu (2376 m), Mt. Murud (2423 m), 
and the Tama Abo Range, which extends southward from Murud, in northern Sarawak; 
Mt. Pueh (=Poi, 1552) in an isolated range in western Sarawak; and Mt. Nyiut (=Niut, 
1701 m) in northwestern Kalimantan (Banks 1952, Preme and Heegaard 1988, Smythies 
1999, Sebastian 2007, Wong 2010, Ramji et al. 2012a). Quite possibly, they occur on 
other mountains, but have not yet been discovered there. 
The Mountain Black-eye is divided into four subspecies: emiliae on Kinabalu, 
trinitae on Trus Madi, fusciceps in the Paya Maga mountains, and moultoni on Mulu, 
Murud, Tama Abo, and Pueh (Mees 1955, Harrisson 1956). The subspecific status of 
populations on Tambuyukon, Alab, Nyiut and Harun is unknown, as no specimens have 
been collected from those sites. Presumably, they are the same subspecies as the closest 
well-studied population (e.g., the Tambuyukon subspecies would be emiliae of nearby 
Kinabalu). Only two specimens exist of fusciceps from Paya Maga, collected 5 January 
1939 at “Ulu Maga, Trusan…5821 feet” (=1774 m, specimen data), so this subspecies 
has not been compared quantitatively with the others. Recent study of morphometric 
variation among these other subspecies (Ramji et al. 2012b) has shown that they differ 
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from one another in bill and tarsus length. Subspecies emiliae is particularly large, 
perhaps reflecting the effect of Bergman’s Rule given Kinabalu’s unusually high 
elevation (Mees 1955). Multivariate analysis of plumage has shown that emiliae and 
moultoni are distinct, and that trinitae is intermediate between them (Ramji 2010, Ramji 
and Rahman 2011). 
The sky-island distribution and subspecific differentiation among populations 
make Black-eyes an excellent group for studying the processes responsible for 
diversification (Knowles 2000, 2001, McCormack et al. 2008). If Borneo’s montane 
forest descended as low at 1400 m during the LGM—as it apparently did in Sumatra 
(Flenley 1998)—the currently disjunct Black-eye populations had a recent opportunity to 
come together and interbreed with one another. Thus, little differentiation should be 
expected among them, especially in Sabah and northern Sarawak, where inter-population 
distances are relatively short and mountainous regions largely intervene (Figure 2.2). The 
more distant and isolated populations of Pueh and Nyiut (>600 km from northern 
Sarawak) might not have mixed with the other populations during the LGM, and thus 
remained distinct. Alternatively, as suggested by morphology, Black-eye populations in 
Sarawak may not have interbred with those of Sabah during the LGM, but remained 
separated. Such a result is not farfetched. Some other montane species of Bornean birds 
are also divided into distinct subspecies between Sabah and Sarawak, and some montane 
trees (Lithocarpus and Trigonobalanus) show marked genetic differentiation between Mt. 
Kinabalu in Sabah and the Kelabit Highlands of Sarawak (Kamiya et al. 2002, Cannon 
and Manos 2003). These patterns suggests that montane taxa in Borneo, like many 
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lowland species (Gorog et al. 2004, Ryan and Esa 2006, Heaney 2007, Lim et al. 2010, 
Lim et al. 2011), may be much older than recent glacial events. 
To investigate these possibilities, I compared the major populations of Black-eyes 
using a variety of mitochondrial DNA sequences. I selected the fast evolving 
mitochondrial loci because (1) the recent and dramatic radiation of white-eyes indicated 
the populations would be closely related to one another (Moyle et al. 2009), (2) the well-
known resolving power of mitochondrial DNA at the population level (Barrowclough and 
Zink 2009), and (3) the general lack of resolving power of commonly compared nuclear 
gene sequences at this level (Moyle et al. 2009, e.g., in Southeast Asian studies, Lim and 
Sheldon 2011, Sheldon et al. 2012). 
METHODS 
A total of 38 vouchered individual Black-eyes from five populations in Malaysia 
was sampled for molecular comparison (Figure 2.2): nine from Kinabalu (06o 03.509 N 
116o 33.960 E), seven from Trus Madi (05o 33’N 116o 30’ E), 10 from Mulu (04o 03’N 
114o 55’E), seven from Murud (03o 55’N, 115o 30’E), and five from Pueh (01° 43’N, 
109° 40'E). Specimens and tissues are stored at the Zoology Department, Universiti 
Malaysia Sarawak, Malaysia, and the Museum of Natural Science, Louisiana State 
University, USA. 
Genomic DNA was extracted from blood and muscle tissues using DNeasy blood 
and tissue kits (Qiagene, Valencia, CA, USA). Six pairs of primers (Table 2.1) were used 
to amplify complete sequences of Cytochrome b (Cytb) and the second and third subunits 
of NADH dehydrogenase genes (ND2 and ND3), as well as part of the control region 
(CR) consisting of a section of the conserved domain and the complete third domain 
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(Baker and Marshall 1997). PCR’s were run using the following thermal-cycling profile: 
initial denaturation at 95 ͦC for 10 min, followed by 40 cycles of denaturation at 95 ͦC for 
30 s, annealing at a locus-specific temperature for each primer for 45 s (Table 2.1), 
extension at 72 ͦC for 2 min, and a final extension at 72 ͦC for 10 min. Sequencing was 
performed using a Big-Dye* Terminator kit vers. 3.1 and an ABI PRISM 3730xl 
Beckman Coulter Genomics sequencer, Danver, Massachusetts. Sequences were edited 
and aligned using Sequencher ver. 4.7. The sequences are deposited at Genbank: 
KF848323.1-KF848474.1. 
 
Figure 2.1: Mountain Black-eye (Chlorocharis emiliae). Photo from Koel Ko 
(http://orientalbirdimages.org/birdimages). 
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Figure 2.2: The sky-island distribution of Mountain Black-eye populations. Heavy black 
lines mark international borders. The thinner line marks the Sabah-Sarawak border. 1 
Tambuyukon; 2 Kinabalu; 3 Alab; 4 Trus Madi; 5 Paya Maga; 6 Harun; 7 Murud; 8 
Mulu; 9 Tama Abo; 10 Pueh; and 11 Nyiut. Filled black squares indicate populations not 
examined in this study.Map from www.maps-for-free.com/index.html. 
 
Sequence variability and genetic distances were determined using MEGA5.2.1 
(Tamura et al. 2011). Haplotype summary data for each sequence-type and concatenated 
data were generated using DnaSP ver. 5 (Librado and Rozas 2009). To determine 
whether individual populations evolved neutrally, I calculated Tajima’s D statistic 
(Tajima 1989) and also performed the McDonald–Kreitman test on the coding genes 
(McDonald and Kreitman 1991) in DnaSP. Tajima’s D was tested against the null 
assumption of a beta distribution, and McDonald-Kreitman test was assessed with 
Fisher’s exact test. I also investigated population structure under the framework of nested 
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analysis of molecular variance (AMOVA), computing the fraction of total genetic 
variation distributed within and among clades and populations using Tamura–Nei (TrN) 
distances (Tamura and Nei 1993). The significance of this partitioning against a null 
model of no significant difference was tested with a permutation procedure (Excoffier et 
al. 1992). AMOVA and Minimum Spanning Networks (MST) were calculated with 
ARLEQUIN ver. 3.5.1.2 (Excoffier et al. 2005). Following initial analyses that suggested 
that Sabah populations (Kinabalu and Trus Madi) and Sarawak populations (Mulu, 
Murud, and Pueh) are distinct genetic entities, I conducted two sets of AMOVA: with 
Sabah and Sarawak populations together and with Sabah and Sarawak populations 
separated. To examine the relationship between genetic and geographic distances, Mantel 
Tests were conducted in ARLEQUIN. MSTs were viewed and edited using HapStar ver. 
0.7 (Teacher and Griffiths 2011). 
I estimated gene trees from individual mtDNA loci (ND2, ND3, Cytb, CR) and 
concatenated sequences across all loci via Bayesian phylogenetic analysis in BEAST ver. 
1.6.2 (Drummond and Rambaut 2007), which simultaneously estimates a topology and 
branch lengths in units of millions of years. The Japanese White-eye (Zosterops 
japonicus) served as outgroup. I used jModeltest ver. 2.1.3 and AIC model-selection to 
determine that HKY + G is the best-fit substitution model for the four mtDNA loci and 
the concatenated sequences. To evaluate the likelihood that population divergence 
occurred during the LGM, I calibrated the gene trees using two different approaches: 1) a 
biogeographic calibration and 2) a standard avian molecular clock. For the biogeographic 
calibration, I specified the prior distribution for TMRCA (time-to-most-common–recent-
ancestor) of all ingroup taxa to after the LGM using a uniform distribution ranging from 
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17,500 - 18,500 years ago, and I estimated the substitution rate using a relaxed 
uncorrelated lognormal clock with an uninformative prior (uniform distribution = 0.5-
0.001). For the second approach, I used a relaxed uncorrelated lognormal clock with a 
standard avian molecular clock of 2% sequence divergence per million years (Weir and 
Schluter 2008), which is slightly slower than the ND2 rate (Carling et al. 2010), and I 
specified a lognormal distribution with a mean = 0.01 and stdev = 0.1 for the ucld.mean 
prior distribution.For all analyses, I used a coalescent: constant size for the tree prior.The 
Markov chain Monte Carlo process was fixed to a chain length of 50,000,000 with 
sampling every 5,000 generations. These lengths ensured a suitable effective sample size 
(ESS) of > 200 for all parameters. I used Tracer v. 1.5 (Rambaut and Drummond 2007) to 
check the ESS of each parameter and to determine the 10% burn-in cutoff, and I ran each 
analysis multiple times to ensure our results were stable. I produced a Maximum Clade 
Credibility tree from the posterior distribution of trees, using Tree Annotator v. 1.6.2 to 
generate a tree with mean node ages, as well as 95% Highest Posterior Density (HPD) 
ranges and the posterior probability of each node. 
RESULTS 
In all, 2194 bases of 38 Black-eye individuals from five populations were 
sequenced: 1143 of Cytb, 491 of ND2, 318 of ND3, and 242 of CR. Variable and 
parsimony informative sites for each sequence type, respectively, were: Cytb, 41 
and 31; ND2, 18 and 16; ND3, 13 and 12; and CR, 12 and 9. When the nucleotide 
sequences were translated to amino acids, variable and parsimony informative 
sites were: Cytb, 5 and 2; ND2, 6 and 6; and ND3, 5 and 4. All three protein 
coding sequences displayed substitution patterns consistent with coding mtDNA 
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rather than nuclear pseudogenes (i.e., no introns, no stop codons, rate of substitution for 
codon position 2<1<3). Tajima’s D for all sequence types was not significant (D = 
1.15130; p > 0.10), nor was the McDonald and Kreitman test. 
Cytb and CR distances are shown in Table 2.2. Uncorrected pairwise proportional 
distances among populations were similar for each gene and the control region, i.e., <1% 
for populations within Sabah (Kinabalu and Trus Madi) and within Sarawak (Mulu, 
Murud, and Pueh), and about 2% between Sabah and Sarawak populations. 
 Nine haplotypes were identified for ND2, eight for ND3, 22 for Cytb, 10 for CR, 
and 26 for the concatenated sequences (Table 2.3). Mt. Kinabalu had the most haplotypes 
and Pueh the fewest. Relatively few haplotypes were shared among populations: 
Kinabalu-Trus Madi 4, Mulu-Murud 1 (Figure 2.4). No Cytb or concatenated haplotypes 
were shared (Figures 2.4 and 2.5). Minimum spanning trees of the four loci and the 
concatenated sequences (Figuress 2.4 and 2.5) all displayed a similar pattern, with the 
Sabah populations (Kinabalu and Trus Madi) forming a group distinctly separate from the 
Sarawak populations (Mulu, Murud, and Pueh). Pueh was moderately divergent from 
Mulu and Murud. The differences between the two groups were: 6 nucleotides of ND2, 2 
of ND3, 18 of Cytb, 7 of CR, and 41 of the concatenated data. Haplotype differences 
within each Sarawak population for each of the four loci were between 1-3 nucleotides 
and 4-13 nucleotides in the concatenated genes. The Pueh population was separated from 
other Sarawak populations by 2 nucleotides in ND2, 3 in ND3, 1 in Cytb, 2 in CR, and 13 
in the concatenated data. Between Kinabalu and Trus Madi in Sabah, the haplotype 
differences were 1 nucleotide each in ND2 and Cytb, 1-2 nucleotides in ND3, and up to 5 
nucleotides in the concatenated genes. 
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AMOVA conducted under the assumption that the five populations 
represent a single group revealed significant levels of genetic differentiation 
among all populations (ND2 Fst= 0.93194, ND3 Fst= 0.82537, Cytb Fst= 0.92069, 
CR Fst= 0.89095, Concatenated Fst= 0.90710). When the populations were 
subdivided geographically into Sarawak and Sabah groups, the two groups were 
significantly different from one another (ND2 Fct= 0.80467, ND3 Fct= 0.50939, 
Cytb Fct=0.83288, CR Fct= 0.68187; Concatenated Fct= 0.77577), as were most 
populations within these two groups (ND2 Fsc= 0.75881, ND3 Fsc= 0.71323, Cytb 
Fsc= 0.67713, CR Fsc= 0.74660, Concatenated Fsc= 0.70861). Within Sabah, 
however, the difference between Kinabalu and Trus Madi was significant only at 
one locus (Cytb) and not for the concatenated data (Table 2.3). In light of the 
haplotype structure (Figures 2.3 and 2.4), these results suggest that Sarawak and 
Sabah populations first separated from one another and then the Sarawak 
populations differentiated among themselves. A Mantel test revealed a significant 
correlation between pairwise Fst values (Table 2.3) and geographic distance 
between populations (Concatenated r= 0.36; p= 0.04). 
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Table 2.1: Primers used in this study. 
Gene Primer Sequences References 
Annealing 
Temperature  
ND2 
L5215  TATCGGGCCCATACCCCGAAAAT Hackett (1996) 
49˚C 
H6313  CTCTTATTTAAGGCTTTGAAGGC Johnson and Sorenson (1998) 
ND3 
L10755  GACTTCCAATCTTTAAAATCTGG Chesser (1999) 
50˚C 
H11151  GATTTGTTGAGCCGAAATCAAC Chesser (1999) 
Cytb1 
L15656  AACCTACTAGGAGACCCAGA Helm-Bychowski and Cracraft (1993) 
55˚C 
H16065  GGAGTCTTCAGTCTCTGGTTTACAAGAC Helm-Bychowski and Cracraft (1993) 
Cytb2 
L14857  AGGATCATTCGCCCTATCCAT Barker et al. (2008) 
47.5˚C 
H15298  GCCCCTCAGAATGATATTTGTCCTCA Helm-Bychowski and Cracraft (1993) 
Cytb3 
L15191  ATCTGCATCTACCTACACATCGG Lanyon and Hall (1994) 
52˚C 
H15709  GGCATATGCGAATARGAARTATCA (Lee et al. 1996) 
Control 
Region 
L816  GATGCACTTTGACCCCATTC (Gawin 2007) 
53˚C 
H1251  TCTTGGCATCAGCTTCAGTGCCRTGC (Sorenson et al. 1999) 
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Table 2. 2: Average uncorrected percent genetic distances (control region lower left; Cytb 
upper right) among the five Black-eye populations. 
 
Population Kinabalu Trus Madi Murud Mulu Pueh 
Kinabalu - 0.2 2.1 2.1 1.7 
Trus Madi 0.1 - 2.0 2.0 1.6 
Murud 2.3 2.1 - 0.4 0.4 
Mulu 2.3 2.1 0 - 0.3 
Pueh 3.1 3.0 0.9 0.9 - 
 
Table 2. 3: Number of haplotypes for each population. 
Population  
n HND2 HND3 HCYTB HCR HCON HpND2 HpND3 HpCYTB HpCR HCON 
Kinabalu  9 4 4 7 5 8 3 3 7 3 8 
Trus 
Madi 
7 2 2 3 2 5 1 1 3 - 5 
Murud 7 2 2 7 2 4 2 1 7 2 4 
Mulu 10 1 1 4 2 7 1 - 4 2 7 
Pueh  5 1 1 1 1 1 1 1 1 1 1 
 
n = number of individuals, H = number of haplotypes for each gene, Hp = number of 
private haplotypes for each gene  
 
 Phylogenetic reconstruction using BEAST indicated Black-eye populations are 
monophyletic relative to the outgroup Zosterops japonicus regardless of whether genes 
were examined individually or as a group (Figure 2.6). The populations from Sabah 
(Kinabalu and Trus Madi) formed a clade separate from the Sarawak populations. Within  
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Table 2.4: Pairwise Fst and geographic distance between populations. Fst values for ND2, 
ND3, Cytb, CR and Concatenated sequences, respectively, appear below the diagonal. 
Underlined values indicate non-significant Fst values. Distances in km are above the 
diagonal. 
 
 Kinabalu Trus Madi Murud Mulu Pueh 
Kinabalu - 60 265 285 900 
Trus Madi 0.04605 
0.10370 
0.53836 
0.17954 
0.19414 
- 215 240 860 
Murud 0.90807 
0.72517 
0.90845 
0.84516 
0.88192 
0.94505 
0.81481 
0.93047 
0.88569 
0.97656 
- 65 690 
Mulu 0.94649 
0.82548 
0.94810 
0.90289 
0.93029 
0.98945 
0.94137 
0.97041 
0.93357 
0.96681 
0.77751 
0.23497 
0.66231 
0.49161 
0.63617 
- 640 
 
Pueh 0.93166 
0.84418 
0.93633 
0.94249 
0.92558 
0.98557 
0.94628 
0.97653 
0.97476 
0.97446 
0.86867 
0.87676 
0.63106 
0.87863 
0.82449 
1.0 
1.0 
0.89726 
0.94412 
0.95510 
- 
 
Sarawak, individuals from Mulu and Murud were not reciprocally monophyletic, whereas 
Pueh was distinct from both. The BEAST trees were completely consistent with the MST 
patterns (Figure 2.4 and 2.5). When divergence among populations was constrained in 
BEAST to occur since the LGM (biogeographic calibration), the mean rate of molecular 
evolution of each DNA sequence type was unusually fast (Figure 2.7): CR 0.424 
substitutions/ site/MY, Cytb 0.472 substitutions/site/Ma, ND2 0.502 
substitutions/site/MY, ND3 0.43 substitutions/site/MY, and concatenated sequences 
0.486 substitutions/site/MY. When rates were set to 2%/MY (molecular clock), they 
were, as expected, much slower: CR, 0.0128 substitutions/site/MY, Cytb 0.0132 
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substitutions/site/MY, ND2 0.0137 substitutions/site/MY, ND3 0.0133 substitutions/site 
/MY; and concatenated 0.0130 substitutions/site/MY. The lack of overlap in the 
distribution of these rates (Figure 2.7), and the absurdly high value of the biogeographic 
calibration (nearly 50%/MY) indicate that Black-eye populations diverged from one 
another long before the LGM (Figure 2.6). 
DISCUSSION 
Black-eye phylogeography and patterns of passerine diversification in 
Borneo—Phylogenetic reconstruction (Figure 2.6) and haplotype comparisons 
(Figures 2.4 and 2.5) indicate that two clades of Black-eyes are particularly well 
differentiated: one in Sabah, consisting of populations on Kinabalu and Trus 
Madi, and another in Sarawak, consisting of populations on Mulu, Murud, and 
Pueh. Based on rate comparison (Figures 2.5 and 2.6), the Sabah and Sarawak 
groups diverged long before the LGM, probably in the mid—rather than late 
Pleistocene. Within each region, a pair of populations share haplotypes—
Kinabalu and Trus Madi in Sabah, and Mulu and Murud in Sarawak—presumably 
because of their close proximity and extensive hills >900 m between them. The 
Pueh population is more distinct, but clearly within the Sarawak group. Of the 
populations not compared in this study, we expect that Tambuyukon and Alab lie 
within the Sabah group because both occur close to Kinabalu and Trus Madi 
(maximum distance, Alab-Trus Madi, 35 km) and the entire area surrounding 
these populations is mountainous. Similarly, we expect that Nyiut, which is 
geographically close to Pueh, is part of the Sarawak group. The phylogeographic 
positions of the populations intervening between Sabah and Sarawak, viz., Paya 
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Maga and Mt. Harun, are more difficult to place. They lie in the same mountainous 
region as Murud and are separated from the northern Sabah populations by ca. 60 km of 
generally lower elevation terrain with few high ridges. But the Paya Maga population (at 
least) represents a separate subspecies (Banks 1952, Mees 1955) and, thus, may have 
been separated long enough from other populations for substantial genetic divergence. 
 A relatively close relationship between Pueh and northern Sarawak populations 
was indicated by their inclusion in a single subspecies, moultoni (Mees 1955) and by 
quantitative comparisons of their morphometrics and plumage (Ramji 2010, Ramji and 
Rahman 2011, Ramji et al. 2012b). However, the unique characteristics of the Pueh range 
shed doubt on these morphological assessments. Pueh lies more than 600 km from Mulu 
and Murud, and it is not part of the central mountain chain of Borneo.It is also unusually 
low in elevation (1552 m) compared to the other Black-eye sites. All the northern 
populations are associated with peaks >1800 m and lie in continuous mountains. 
Moreover, Pueh has a distinct and depauperate montane avifauna (Banks 1952), which 
includes its own subspecies of Bornean Whistler (Pachycephala hypoxantha 
sarawacensis), Snowy-browed Flycatcher (Ficedula hyperythra mjobergi) and White-
throated Fantail (Rhipidura albicollis sarawacensis). All these lines of evidence 
suggested that the Pueh Black-eyes might constitute a genetically distinct 
population.Until recently, however, it has not been possible to make molecular 
comparisons of Pueh birds with fresh material because the population was thought 
extinct. This changed with its rediscovery in 2011 (Ramji et al. 2012a), and has allowed 
us to confirm the close relationship of Pueh birds with those of northern Sarawak. 
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Figure 2.4: Minimum spanning trees of (A) ND2, (B) ND3, (C) Cytb and (D) CR. Circle 
sizes are proportional to haplotype frequencies. Each circle represents a haplotype or 
shared haplotypes (Table 2.3). Different colors indicate haplotypes from the five sampled 
populations. Branches with hatch marks represent a single nucleotide substitution. 
Numbers next to branches indicate number of substitutions. 
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Figure 2.5: Minimum spanning trees of concatenated genes. Description of circles and 
branches in Figure 2.4.  
 
Haplotype diversity—The haplotype diversity of each population examined in this 
study is influenced by the area of the mountain where each population resides and by our 
sampling methods. Kinabalu is by far the largest mountain with a Black-eye population, 
both in terms of its overall area and elevation. It is twice as high as any other mountain in 
Borneo, and most of its Black-eye population resides above 3,000 m. Thus, it has much 
greater potential for haplotype diversity, whereas on the other peaks potential prime 
habitat available to Black-eyes is smaller; on Pueh it is tiny. On all peaks, even Kinabalu, 
the areas sampled were small because of the logistical difficulty of collecting, and this 
limitation further reduced potential genetic diversity represented in our diversity. Thus, 
the haplotype characteristics reported in this paper must be considered minimal, 
especially for Kinabalu. 
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Figure 2.6: BEAST trees from concatenated genes representing (A) biogeographic and 
(B) molecular clock rate determination. Node age (95% highest posterior density 
distribution) is indicated with heavy black bars. Nodal support of 100% is indicated with 
a gray dot. Zosterops japonicus served as outgroup (not shown in the graph).  
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Figure 2.7: Posterior molecular rate probability distributions of the biogeographic 
calibration based on the Last Glacial Maximum (dotted line) versus the commonly 
accepted 2%/MY molecular clock (solid line). S/S/MY represents 
substitutions/site/million years.  
 
Conservation— Most Black-eye populations are well protected by their inclusion 
in government parks (Kinabalu, Tambuyukon, Alab, Mulu, Murud, Tama Abo, and 
Harun). Trus Madi is protected by Sabah’s recognition of the importance of that peak to 
ecotourism. The Nyiut and Pueh populations, however, are not protected by remoteness 
or special conservation interests. Pueh has been logged recently and is jeopardized by its 
proximity to a developed part of Sarawak. Thus, Black-eye populations on these peaks 
are in particular need of further study to determine the extent of their prime habitat, 
population size, and genetic diversity. 
 
 
 
29 
CHAPTER 3 
MAJOR CONCEPTS AND ISSUES IN ANIMAL HYBRIDIZATION 
 
 
OVERVIEW 
Hybridization differentiated taxa or species is a major focus in animal 
evolutionary studies (Barton and Hewitt 1989, Harrison 1990, Barton and Gale 1993, 
Harrison 1993, Rheindt and Edwards 2011, Abbott et al. 2013). But what exactly are 
hybridization, hybrids, and hybrid zones? Although the definitions of hybridization and 
hybrids are relatively straight forward, the definition of a hybrid zone is more complex. 
Hybridization is the process of combining genetically or morphologically distinct parents 
from two populations or groups of populations to produce genetically admixed offspring 
(Harrison 1993). The term “hybrid” technically refers only to F1 offspring and, as such, is 
not a useful definition when backcrossing occurs, and backcrossing is an important 
process in hybrid zone dynamics. To avoid confusion, Harrison (1993: 6) suggested using 
the term ‘hybrid’ to indicate “mixed ancestry and to specify ‘F1 hybrid’ when limiting 
discussion to that single class of individuals of mixed ancestry.”Hybrid zones are more 
difficult to define because of the possible confusion between two distinct evolutionary 
processes that can produce the same pattern: hybridization as originally proposed and 
defined (Mayr 1963), in which previously allopatric populations come into secondary 
contact and interbreed, or clinal differentiation, in which a single population, in primary 
contact, becomes genetically subdivided across an ecological transition by virtue of 
selection (Endler 1977). Because of historical confusion between the two processes, 
Barton and Hewitt (1985: 115) referred to a hybrid zone as simply “a gradient or set of 
gradients in morphology or gene frequency, at one or more loci”, without referring to the 
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process that causes the gradient. Similarly, Harrison (1993: 6) described hybrid zones as 
geographic areas where “genetically distinct groups of individuals meet and mate, 
resulting in at least some offspring of mixed ancestry.” One of the important challenges 
in hybrid zone analysis is to determine whether the gradient between connected, distinct 
populations results from primary or secondary contact. 
Why is the study of hybrid zones important? Hybrid zones are popular sites for 
evolutionary studies because they are expected to be especially informative about the 
process of speciation (Harrison 1993, Butlin et al. 2012, Abbott et al. 2013). In hybrid 
zones, the dynamics of secondary contact between divergent, allopatric populations, 
which are potentially on their way to becoming species, may be examined. These 
dynamics include the behavioral and ecological interactions of the populations: e.g., are 
they interbreeding freely or do they exhibit selective mate choice? Hybrid zones also 
include genetic interactions that can be informative about the mechanics of gene flow. In 
the two parental populations, genes may occur in different “coadapted complexes” (Mayr 
1963). These “linked genes" or “linkage groups” may prevent hybrids from surviving 
altogether, or they may cause some genes to move more readily across a hybrid zone than 
others (Barton and Bengtsson 1986). Similarly, genes on sex chromosomes or in 
mitochondria may respond differently to hybrid zones than genes on autosomes because 
of greater exposure to selection (from lack of possible heterozygosity) or different 
dispersal characteristics of the sexes (Harrison and Rand 1989, Carling and Brumfield 
2009, Abbott et al. 2013). Ultimately, how genes move in hybrid zones is the result of 
several ecological and genetic forces: (1) selection for or against particular genes or 
linkage groups, (2) rate of chromosomal recombination that either breaks-up or forms 
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linkage groups, (3) rate of dispersal of individuals from the parent populations into the 
hybrid zone, and (4) the physical characteristics of the hybrid zone. Understanding these 
ecological and genetic interactions helps us understand the process of speciation. 
On a more practical level, hybrid zone dynamics may play a role in the difficult 
process of defining species. Hybridization complicates the simple definition of species 
based on interbreeding (Mayr 1963, Gill 2014). The problem for taxonomists is to 
determine whether populations that hybridize (thus interbreed) are distinct species. If it 
can be shown that hybrid zones are stable and that hybrids are infertile or suffer intense 
negative selection, then hybridizing taxa are considered distinct species. However, 
without intense study, the stability of hybrid zones and the fate of hybrids are usually 
unknown. Also, barriers to gene flow between hybridizing populations are often semi-
permeable. Alleles may move between the parent populations to yield a single, possibly 
polymorphic, species in respect to some genes but not others (Key 1968, Harrison 1986, 
Harrison 1993). Recent study, using advanced analyses, “predictably confirm that distinct 
sister populations once lumped as polytypic species are independent evolutionary 
lineages that exhibit essential reproductive isolation” (Gill 2014: 150). This fairly 
common situation makes a simple species-status decision difficult. As a result of these 
issues, hybridization introduces subjective, philosophical elements into the problem of 
defining species, which has led to substantial arguments (e.g., in ornithology, McKitrick 
and Zink 1988, Johnson et al. 1999). 
DEFINITION OF HYBRID-ZONE TERMS AND REVIEW OF THE MAIN 
EVOLUTIONARY CONCEPTS OF ANIMAL HYBRIDIZATION 
 
In this section, the main evolutionary concepts of animal hybridization are 
reviewed. In general, the language used to describe hybridization and hybrid zones is 
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much the same as that used to discuss speciation. Most definitions were developed during 
the Modern Synthesis (Dobzhansky 1937, Mayr 1942), and several were refined 
following the introduction of molecular investigations of hybridization (Barton and Gale 
1993, Harrison 1993). However, some ambiguous terms still need clarification. For 
example, population geneticists often use dispersal, gene flow, migration, and 
introgression interchangeably, but they have distinct meanings. Gene linkage is another 
ambiguous term. In traditional genetics, it indicates two or more genes that reside on a 
single chromosome, but in hybridization literature it refers to linkage disequilibrium 
regardless of cause, i.e., when genes are non-randomly associated with one another 
whether or not on the same chromosome. 
Boundaries 
Boundaries prevent gene flow among populations. With respect to hybrid zones, 
boundaries may be endogenous or exogenous (Hewitt 1988). Endogenous boundaries are 
intrinsic and result from selection against new combinations of genes in hybrids or 
reduced fitness from the breakup of coadapted gene complexes from parental 
populations. Endogenous boundaries are responsible for hybrid “tension zones” (see 
definition below). Exogenous boundaries are the result of environmental forces acting as 
the selective agent on hybrids and parentals. 
Cline 
Cline is a continuous graded series of character differences within a species along 
a geographic line or across a region of environmental transition, such as an ecotone 
(Huxley 1938, Smith et al. 1997). A cline is the same as primary intergradation between 
populations. It may be generated from secondary contact between taxa that are 
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allopatrically divergent, and subsequently by neutral diffusion (Patton 1993). If there is a 
barrier to gene exchange, caused either by linkage disequilibrium of loci under selection 
or a physical barrier, the cline shape is stepped (Barton and Gale 1993). The step-cline is 
one with a sharp transition and shallow tails of introgression. Cline theory provides the 
conceptual framework for understanding the mechanism and parameters relevant to 
hybrid zones (Haldane 1948, Slatkin 1973, Endler 1977, Barton 1979, Brumfield et al. 
2001). 
Dispersal 
Dispersal is the “outward spreading of organisms from their point of origin and 
release” or “the outward extension of a species’ range typically by a chance event” 
(Lincoln et al. 1982: 70). Bellemain and Ricklefs (2008) described dispersal as a 
spreading process of organisms to a new area, and it involves a complex process 
consisting of emigration, movement and establishment. Dispersal is a unidirectional and 
non-seasonal movement from natal (birth) areas to breeding areas (Figure 3.2) that are 
not the birth areas and not part of the local population (Semlitsch 2008). The movement 
implied in dispersal is often conducted by juveniles or immature individuals of certain 
species to invade and expand their ranges into unoccupied territories or new habitats 
(Moussy et al. 2012). Dispersal, unlike migration, always implies the movement of genes 
as well as individuals to new areas without necessary return to the original site. 
 Mayr (1963) linked dispersal with the population structure of different species, in 
other words, the ability of individuals of a species to disperse short or long-distances 
from their origin, which eventually influences the formation and maintenance of 
geographic isolates. He thought the differences in population structure across many 
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species are due to intrinsic factors. These have “physiological and psychological 
properties, which cause every species to react differently to…barriers” (Mayr 1963: 565). 
The intrinsic factors consist of philopatry (i.e., degree of an individual’s connection to its 
birthplace), homing ability, restlessness, length of dispersal stage, parental care, habitat 
selection, and other physiological and psychological properties, that may facilitate or 
reduce movement and the crossing of barriers. Slatkin (1985) shared Mayr’s view, i.e., 
that dispersal distance relates to population dynamics. 
Dispersal influences genetic variation (Dobzhansky and Wright 1941). In general, 
more actively dispersing species exhibit less genetic variation among populations than 
less actively dispersing species (Winkler 2006). Actively dispersing species are also less 
likely to become extinct as a result of home habitat loss (Lenormand 2002) or as a result 
of decreasing population size (i.e., by "genetic rescue", Webster et al. 2002, Moussy et al. 
2012). Despite greater cohesion among populations, which should reduce the rate of 
speciation, actively dispersing species may evolve into new species by colonizing new 
areas (Mayr and Diamond 2001). Because of these important characteristics, dispersal 
has attracted substantial attention from evolutionary biologists. Passive movements tend 
to result in shorter dispersal distances than active movement (Slatkin 1985). Both plants 
and animals that are involved in passive movements are immobile by themselves, and 
thus they need specific dispersal agents, such as wind, water or another animal, that are 
capable of active dispersal (Croteau 2010). The type of dispersal agents influences the 
dispersal distance of immobile organisms. For example, seeds falling to the ground at the 
base of a parent plants may be eaten by an animal. The animal which disperses over short 
distance, will deposit the seeds not for away from the parent plant. Organisms that are 
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involved in active movements have the ability to move in all stages of their life (Croteau 
2010) and, thus, the ability for long-distance dispersal. The probability of dispersal is 
increased by many “facilitating factors” such as small size, low specific gravity, 
protective coating, and a dormant stage. The probability of dispersal is decreased by 
“reducing factors”, such as flightlessness, retreat to caves, reduction of the pelagic larval 
stage in marine animals, territoriality, intensive parental care, homing ability, and 
philopatry (Mayr 1963). Psychological factors (i.e., factors that involve mental functions 
and behavior, such as philopatry) strengthen the effect of extrinsic, physical barriers. 
Gene flow  
Gene flow is the exchange of genetic factors within and between populations of a 
single biological species by interbreeding or “migration” (Lincoln et al. 1982). Slatkin 
(1987) described gene flow as a collective term that includes all mechanisms resulting in 
the movement of genes from one population to another. Jiggins and Mallet (2000) 
described gene flow as a movement of genes among populations due to dispersal 
processes. In the case of clines and hybrid zones, dispersal and subsequent interbreeding 
of individuals may result in the flow of genes from parent populations on either side into 
the transition zone. This type of gene flow is referred to as introgression. Although many 
researchers use the word “migration” in describing gene flow, and employ such terms as 
‘gene migration’ or ‘short migration’, or even define migration as “gene flow; exchange 
of genetic information between populations” (Lincoln et al. 1982: 155), migration in 
ornithology has a more precise meaning (see definition below) and does not result in gene 
flow. For ornithologists, “dispersal” is the force that potentially leads to gene flow. 
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Hybrid index 
Hybrid index is a technique that explains quantitatively individual variation in 
hybridizing study organisms (Anderson 1949), such as plumage pattern and color of 
birds. This technique includes assigning a minimum score (e.g., zero) to an observed 
character that appears in one species (or population), a maximum score to the observed 
character in the other species (or population), and intermediate scores to a specimen that 
possess the hybrid characters between the two parent groups (Short 1965, Hubbard 1969). 
These characters are then scored, and totaled to get the hybrid index score for each 
specimen across the sampling range. 
Hybrid sink effect 
A hybrid sink occurs when heterozygous or genotypically recombined hybrids are 
less fit than their parental populations. It leads to a reduction in population density in the 
hybrid zone, which in turn acts a physical barrier to gene flow. A hybrid sink “occurs 
because genes flow in from either side, and are lost in the unfit populations at the center” 
(Barton 1986: 417). 
Hybrid swarm 
 Hybrid swarm is “a series of highly variable forms produced by the crossing and 
backcrossing of hybrids” (Lincoln et al. 1982: 119).Within a hybrid swam are an array of 
recombinant types (Harrison 1993). 
Intergradation 
Intergradation refers to the melding of two taxa. It “is purely descriptive, meaning 
that two reasonably distinct units come into contact, and gradually merge in the area 
under consideration” (Mayr 1942: 99). The term “reveals nothing as to the character of 
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the intermediate populations or the history of the factors that caused the two units to 
diverge historically” (Mayr 1942: 99). Thus, intergradation can be caused by a variety of 
biological processes that may produce similar characters within intergradation zones. 
Primary intergradation between populations results in clines, which are structured by 
environmental gradients, as opposed to secondary intergradation caused by contact of 
previously allopatric populations (Mayr 1963, Endler 1977). 
Introgression 
Introgression is “the spread of genes of one species into the gene pool of another 
by hybridization and backcrossing “ (Lincoln et al. 1982: 131). Mallet (2005) defined 
introgression as the invasion of foreign genetic material into a genome, usually by sexual 
contact or hybridization. Introgression differs from “gene exchange” which results from 
gene flow among different populations of the same species (Mayr 1963). The term 
introgression was introduced by Anderson and Hubricht (1938), who used it to describe 
the interaction between genes (alleles) of two species and another after successful 
hybridization. Basically, introgressive hybridization involves two steps: the formation of 
F1 hybrids as the results of successful hybridization, and then backcrossing of these 
hybrids into one or both of their parental species. 
Introgression is a particularly interesting element of hybridization because of its 
potential relationship to speciation and adaptation. According to classical evolutionary 
theory (Mayr 1963), introgression determines whether parent populations remain distinct 
entities or ultimately fuse and become a single population. More recently, theoretical 
advances and empirical studies have demonstrated that introgression is a complex process 
in which the behavior of individual genes and groups of genes changes according to a 
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variety of environmental and genetic circumstances (Barton and Gale 1993, Rheindt and 
Edwards 2011). The observation of the behavior of genes under these variable 
circumstances has allowed biologists to learn a great deal about adaptive evolution and 
speciation. For example, genetic transfer through introgression can lead to rapid 
evolution by moving adaptive traits among species (Anderson and Hubricht 1938, Barton 
1986, Arnold et al. 1999, Seehausen 2004), and differential movement of sex-linked 
genes can signal sexual selection and assortative mating (Tegelstrom and Gelter 1990, 
Carling et al. 2010). Introgression can also influence other aspects of evolutionary 
analysis, such as phylogenetic reconstruction, because the transfer of genes through 
introgression can artificially reduce genetic divergence (Rheindt and Edwards 2011). 
The morphological effects of introgression were originally examined in birds 
using hybrid indices (see definition above) of morphological characters (e.g., Sibley 
1954). With the advent of modern molecular methods, introgression is also measured by 
examination of the movement of individual genes. The extent of introgression between 
two populations determines the width of the cline for the introgressing trait or allele. 
Individual characters and genes can extend across hybrid zones differentially depending 
upon selection for or against them and on dispersal and size of the parental populations. 
Asymmetric introgression is a common occurrence in hybrid zones and results 
from idiosyncratic movement of genes across a zone (Blackwell and Bull 1978). It 
produces clines of gene frequencies that are non-coincident in position or which travel 
beyond the limits of a hybrid zone (Parsons et al. 1993). Asymmetry occurs when the two 
parental species occur in different abundance or when parental species and hybrids 
display spatial segregation (Jacquemyn et al. 2012: 7). Hence, hybridization is more 
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likely to occur when an individual of a given genotype encounters members of a different 
genotype more commonly than his own genotype. Asymmetric introgression also 
happens when a species meets a closely related species with incomplete reproductive 
barriers (Petit and Excoffier 2009, Arnold et al. 2010), (1) through movement of neutral 
alleles as opposed to selectively disadvantageous alleles, (2) through movement of the 
hybrid zone, or (3) by founder effects (Brumfield et al. 2001). 
Sex-biased introgression of genes across hybrid zones is a well-known 
phenomenon (Tegelstrom and Gelter 1990). Autosomal genes tend to move more readily 
through a hybrid zone than sex-linked or mitochondrial genes (Carling and Brumfield 
2008a, Rheindt and Edwards 2011), which are haploid and thus more exposed to 
selection by Haldane’s rule than diploid genes (Haldane 1948). If selection is positive, 
then the favored sex-linked or mitochondrial allele can rapidly sweep across both 
populations. In birds, in which the female is hemizygous, both sex-linked and 
mitochondrial genes also are influenced by female dispersal. An example of the effect of 
sex bias was studied by Carling and Brumfield (2008a), who found that autosomal loci 
introgress to a greater degree than Z-linked and mitochondrial loci in the Passerina 
Bunting hybrid zone (Figure 3.1). 
In the tension zone model, the extent of introgression indicates the influence of 
selection; the stronger the selection against hybrids, the narrower and steeper the cline 
and the less the introgression and vise versa (Slatkin 1973, Endler 1977). However, in 
Endler’s environmental gradient model, the gradient can be a smooth cline, but stepping 
stone migration along it leads to a stepped cline in gene frequencies (Endler 1977). 
Natural selection prevents introgression by removing nonviable hybrids. Differences in 
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the degree of introgression by different loci across hybrid zones may relate specifically to 
the success of alleles in a “hybrid” (=heterozygous) state. Introgression reaches farther 
when alleles from specific loci of the parent populations are eliminated while rarer 
backcrossed heterozygous individuals are favored (Blackwell and Bull 1978). 
Habitat disturbance leading to colonization or other disruptions of normal mating 
patterns also influences the frequency of hybridization and introgression (Petit and 
Excoffier 2009). If the colonizing species can interbreed with the inhabitant species, its 
alleles can move rapidly during the range expansion, increasing colonial allele 
frequencies, even though these alleles may have no selective advantage (Petit and 
Excoffier 2009). On the other hand, if there is high gene flow among individuals in the 
invaded population, the introgressing genes are less likely to reach high frequencies; thus, 
“high rates of intraspecific gene flow can efficiently mitigate introgression” by rapid 
colonization (Petit and Excoffier 2009: 399). 
In principle, every successful introgressive event weakens reproductive isolating 
barriers and increases the frequency of hybridization between interacting populations 
(Mayr 1963). The degree of introgression depends on many factors such as the number of 
loci under positive and negative selection, rates of dispersal on either side of the barrier, 
and the degree of epistasis (Blackwell and Bull 1978, Barton and Bengtsson 1986, Mallet 
2005). 
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Figure 3.1: Cline shapes and allele frequencies from different genetic markers of 
Passerina bunting (Carling and Brumfield 2008a). 
 
Migration 
Migration in the broad sense is “the movement of an organism or group from one 
habitat or location to another; periodic or seasonal movement, typically of relatively long 
distance, from one stratum or climate to another; any general movement that affects the 
range of distribution of a population or individual” (Lincoln et al. 1982: 155). The term 
migration is often used by population geneticists to refer to gene flow among populations, 
as in the commonly used “Isolation with Migration” (IM) models (Hey 2010). For 
ornithologists, however, migration has a more specific meaning—the seasonal movement 
“of birds between different habitats or regions, which does not result in dispersal” 
(Bellemain and Ricklefs 2008: 461). Migration is used in the sense of seasonal 
movements in other groups of animals as well as birds. For instance, amphibian 
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migrations often involve movement by adults toward and away from aquatic breeding 
sites (Semlitsch 2008). However, in yet other groups migration can enhance gene flow. 
For example, a few temperate bat species copulate in overwintering areas, away from 
their breeding areas, before or during migration (Moussy et al. 2012). Schneider (1962) 
recognized the confusion between the concepts of migration and dispersal. Both involve 
the movement of organisms, but migration involves a round trip (Moore and Dolbeer 
1989, Semlitsch 2008), whereas dispersal is a unidirectional and non-seasonal (Figure 
3.2). Dispersal is often conducted by juveniles or immature individuals to expand into 
new territory (Moussy et al. 2012). When successful, dispersal always results in gene 
flow.Migration does not. Nevertheless, population geneticists have adopted the term 
migration to imply gene flow. Thus, in discussing hybrid zones, we must recognize this 
more general use of the term. However, in this dissertation, migration refers to the 
seasonal movement of birds and “gene flow” or “dispersal” refers to the movement of 
genes among populations. 
 
Figure 3.2: Migration involves back and forth movement, whereas dispersal is a one-way 
movement. (Semlitsch 2008). 
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Linkage disequilibrium 
Hybrid studies in taxa such as Heliconius butterflies (Mallet et al. 1990), Bombina 
frogs (Szymura and Barton 1986, 1991), Rana frogs (Kocher and Sage 1986), Uroderma 
bats (Baker 1981, Barton 1982), Gryllus field crickets (Rand and Harrison 1989), and 
Caledia grasshoppers (Shaw et al. 1989) have shown that genes at different loci in the 
same population tend to have strong associations with one another (Barton and Gale 
1993). For example, such effects occur in hybrid populations of Bombina frogs in 
southern Poland, where studies have found an association of the genotype at diagnostic 
enzyme loci with mating call and belly pattern (Sanderson et al. 1991, Szymura and 
Barton 1991). Barton and Gale (1993) referred to the associations between alleles at 
different loci as linkage disequilibrium, even though the genes involved are not 
physically linked (i.e., do not occur on the same chromosome), and the hybrid zones may 
reach a state of equilibrium. 
 There is a correlation between linkage disequilibrium, cline width, selection, and 
distribution of allele frequencies. Barton and Gale (1993) explained that when selection is 
strong linkage disequilibrium causes clines to be narrower than expected, and this 
narrowness increases the disequilibrium. When clines are maintained by a combination of 
weak selection and heterozygote disadvantage, disequilibrium is slightly weaker than 
expected. In this case, reduced gene interaction should allow random drift to move clines 
to different locations. 
 Barton and Gale (1993) also suggested that information from several independent 
loci must be combined in order to reach a reliable estimate of linkage disequilibrium, 
which is difficult when disequilibria are strong. Another difficulty in estimating linkage 
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disequilibrium is that dispersal influences and generates deviations in linkage 
disequilibria (Barton and Gale 1993). Studying the variance in “hybrid index” (z 
=∑ 𝛼𝑖 𝑧𝑖
𝑛
𝑖=1 ) is a standard method for estimating the average linkage disequilibrium 
(Barton and Gale 1993). This method is based on the principle that, when many loci are 
involved, linkage disequilibria will cause the majority of the variance (Bulmer 1980). The 
variance is estimated using this formula: 
Var (z) = 
1
2𝑛
 ( 𝑧̅(1 − 𝑧̅) − 𝑣𝑎𝑟 (𝑝)) +  
1
2
 (1 −
1
𝑛
) ?̅? . 
?̅? = average pairwise linkage disequilibrium 
𝑧̅ = average of the hybrid index 
Var(p) = 1/n∑(pi – ?̅?)2 = variance of allele frequency across the n loci 
Linkage disequilibria can be estimated with moderate sample sizes of individuals, 
since linkage disequilibria are often strong in hybrid zones and just a few loci are enough 
to estimate the strength of dispersal and selection across a zone (Barton 1982, Barton and 
Gale 1993, Gay et al. 2008). For example, studies between fire-bellied (Bombina 
bombina) and yellow-bellied toads (B. variegata), in which the species differ in mating 
call, enzyme genotypes, and belly pattern, found that the width of the vocalization cline 
(based on the natural logarithm of call-cycle length) was not significantly different from 
the cline based on allele frequencies and belly pattern (Sanderson et al. 1991). These 
studies concluded that the covariance between call-cycle length and the hybrid index 
from six loci and the belly pattern was likely due to linkage disequilibrium among these 
three kinds of traits. 
The combination of high heterozygosity and linkage disequilibrium can increase 
the variance in hybrid index values based on genotypes. If the variance in index values 
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increases, heterozygosity at diagnostic loci decreases, and the number of loci actually 
contributing to the difference between distinct races is small (Barton and Gale 1993). The 
increase in genetic variance affects the shape of a hybrid zone and the rate of gene flow 
between the hybridizing taxa (Barton and Gale 1993). Analysis of Bombina has shown 
that linkage disequilibrium is lower at the edges of the hybrid zone, but more than would 
be expected. This may be due to a few toads moving long distances or migrating from 
one edge to the other side of the hybrid zone, hence taking sets of genes across the hybrid 
zone. 
With linkage disequilibrium, selection on one locus causes changes at its 
associated loci, which in turn increases the “effective” selection experienced by each 
locus (Barton and Gale 1993). Increases in selection increase linkage disequilibrium and 
cause steeper clines (Jackson 1992). Barton and Gale (1993: 30) also noted that “when 
selection is strong, allele frequencies change abruptly between adjacent demes, and so all 
demes are close to fixation for one or other parental genotype.” They found a relationship 
between a barrier to gene flow and the net strength of selection in maintaining the hybrid 
zone. As selection continues to increase, the frequency of introgression of alleles 
decreases. As long as the rate of migration into the zone continues to be in constant, the 
barrier to gene flow continues to become stronger. Hence, selection against hybrids may 
play a major role compared to a physical barrier in maintaining the hybrid zone. This was 
demonstrated by Jackson (1992) in a study on alpine grasshoppers, Podisma pedestris. 
Barrier strength estimated from cline shape dependent on genetic interactions was 
significantly stronger in preventing movement than a physical barrier. Barton and Gale 
(1993: 33) observed that a small ratio between selection and recombination can yield a 
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smooth straight cline in an open habitat, and yet is “…high enough to reduce significantly 
the introgression of genes at low frequency across a physical barrier.” The shape of a 
cline depends on the relationship between selections against rare foreign alleles relative 
to the selection on alleles segregating at high frequency in the center of a hybrid zone. 
Physical barrier 
Habitat intervening between populations that prevents dispersal or causes low 
population density (Barton 1986). 
Reinforcement 
Reinforcement refers to “the strengthening of barriers contributing to reproductive 
isolation between populations as a result from selection against unfit hybrid offspring” 
(Butlin et al. 2012: 27). It is a process by which pre-zygotic barriers to gene exchange are 
improved by natural selection: 
“Occurrence of hybridization between races and species constitutes a 
challenge to which they may respond by developing or strengthening 
isolation mechanisms that would make hybridization difficult or 
impossible. Where hybridization jeopardizes the integrity of two or more 
adaptive complexes, genetic factors which would decrease the frequency 
or prevent the interbreeding would thereby acquire a positive selective 
value, even though these factors by themselves might be neutral.” 
(Dobzhansky 1940: 316). 
 
Dobzhansky expected that, once parental populations were isolated and diverging 
from one another, secondary contact and hybrid mating would produce offspring of 
reduced fitness. Mayr (1963) described the origin of pre-mating isolating mechanisms 
based either on natural selection or as a byproduct of genetic divergence: 
“Individuals with inefficient isolating mechanisms will be susceptible to 
hybridization in areas of contact between the parental and the incipient 
new species. These genotypes will be eliminated from both populations 
as a consequence of selection against the hybrids that they produce. Such 
selection will tend to spare genotypes with better-developed isolating 
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mechanisms. This process, it is postulated, will in due time lead to an 
improvement and final perfection of the isolating mechanisms” (Mayr 
1963: 548). 
 
 Lincoln et al. (1982: 214) defined reinforcement as “any object, situation or 
activity that leads to a more complete or more stable state of an organism by the 
acquisition or conservation of reserves, or the release of a consummatory act. It can be 
either positive (reward) or negative (punishment).” A classic example of reinforcement is 
the interaction of two Drosophila species in North America: D. pseudoobscura, which is 
widely distributed, and D. persimillis, which occurs only along the Pacific coast but 
within the range of D. pseudoobscura (Albert and Schluter 2005). Where they overlap, 
male hybrids between these two species are sterile. Reinforcement occurs in the zone of 
overlap, as females of D. pseudoobscura discriminate against D. persimilis males. 
Elsewhere, the females often mate with D. persimilis males. 
 Howard (1993: 46) defined reinforcement as “the evolution of prezygotic 
isolating barriers in zones of overlap or hybridization (or both) as a response to selection 
against hybridization.” He added that the evolution of pre-zygotic isolation occurs during 
an allopatric speciation event, and complete post-zygotic isolation increases selection for 
the evolution of pre-zygotic isolating barriers. In addition, Howard (1993: 47) noted that 
the result of the interaction between reinforcement and hybridization is reproductive 
character displacement, meaning “a pattern of greater divergence of an isolating trait in 
areas of sympatry between closely related taxa than in areas of allopatry.” (This is exactly 
what occurs in the D. pseudoobscura-D. persimilis example above.). By “isolating trait”, 
he meant a morphological or signaling system character that allows individuals to 
discriminate between species. Howard related reproductive character displacement with a 
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divergence process between sympatric populations, but Grant (1972) defined it the other 
way around. He described reproductive character displacement as a discontinuous step-
like pattern, with the divergence of characters occurring between two species at the edge 
of the contact zone and expanding throughout the zone. In response, Howard (1993) 
surveyed 48 potential cases of possible reproductive character displacement, of which 33 
indicated displacement. From this survey, he concluded reinforcement is common in 
nature. Further, he stated that isolating barriers do not move out of the contact zone, but 
new species can still be generated by hybridization: 
 “Two taxa meet in a contact zone after a long period of geographic 
isolation. Because of the isolation, one or more traits have diverged 
sufficiently to partially isolate the two taxa. Moreover, intertaxon matings 
are costly because hybrid offspring are inviable, sterile or substantially 
less fit. The challenge from the related taxon sets up a selection pressure 
for further divergence in the isolating trait(s) in both taxa. As a result of 
the pressure, individuals of one or both taxa within the contact zone 
diverge. If the divergence is great enough, the trait difference may not 
only serve as a reproductive barrier between taxa inside the contact zone 
but may isolate daughter populations within the zone from parental 
populations outside the contact zone. What moves out of the contact zone 
may be individuals reproductively isolated from the parental stock. Of 
course, for such movement to be successful, ecological differences must 
evolve within the contact zone populations.” (Howard 1993: 62-63).  
 
Howard (1993) further argued one-sided reproductive character displacement (a 
response by only one species) could possibly to occur in an overlap zone (including a 
hybrid zone). The displacement would happen when the loss of fitness related with 
hybrid mating is greater for one parental species than the other species (Butler 1988), or 
when one species has greater heritable variation in a vital divergence trait then the other 
species (Howard 1993). Moreover, genetic drift might provide the initial linkage 
disequilibrium between selected and mating traits during reinforcement (Butlin et al. 
2012). 
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Noor (1999) discussed further how reinforcement may cause a pattern of greater 
species discrimination between sympatric than between allopatric taxa. The process 
involves the strengthening of mate discrimination, which eventually eliminates the 
maladaptive hybridization. To elaborate, females prefer to mate with their own species in 
order to produce highly fit offspring. Also, males gain benefits from mating preferentially 
with females of the same species than heterospecific females. These preferences act as 
reproductive character displacement and lead to selection against alleles that do not 
confer mating discrimination. 
Reproductive character displacement 
See Reinforcement. 
Reproductive isolating mechanism 
This idea was popularized by Dobzhansky (1937) and expanded upon by (Mayr 
1963:91). He defined reproductive isolating mechanisms as “biological properties of 
individuals which prevent the interbreeding of populations that are actually sympatric.” 
Two types of reproductive isolating mechanisms are commonly recognized. 1) Pre-
zygotic mechanisms, which work before mating and subsequently prevent the formation 
of hybrids (Butlin et al. 2012). These factors include differences in timing, habitat and 
mate recognition, that hinder mating (Butlin et al. 2012). 2) Post-zygotic mechanisms 
work after mating and prevent further reproduction (Mayr 1963, Butlin et al. 2012) and 
may be classified into four categories (Mayr 1963): 1) gametic mortality—sperm are 
prevented from reaching eggs due to an antigenic reaction that immobilizes and kills 
them; 2) zygotic mortality—the fertilized hybrid eggs develop abnormally, leading to an 
unsuccessful result at any stage between fertilization and adulthood; 3) hybrid 
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inferiority—hybrids are intermediate between the two parental populations and are 
discriminated against during subsequent pair formation or are selectively disadvantaged 
in other ways compared to parental birds; and 4) hybrid sterility—hybrids that are more 
or less sterile in some groups of animals. 
HYBRID-ZONE MODELS 
Researchers have proposed a variety of models to explain the structure and 
maintenance of hybrid zones (Moore 1977, Barton 1979, Moore and Buchanan 1985, 
Rand and Harrison 1989). The two most fundamental are the tension zone and the 
environmental gradient models. 
Tension zone models 
Tension zones are narrow zones of secondary intergradation (Barton and Hewitt 
1985, Rieseberg 1997, Fritsche and Kaltz 2000). They occur when two differentiated 
populations meet and hybridize, and dispersal and selection lead to numerous 
backcrosses. Tension zones are maintained by genetic interactions and not as a response 
to an environmental gradient; thus, they can move independent of habitat (Barton and 
Hewitt 1985). Moreover, tension zones tend to move down population density gradients 
(Hewitt 1975). This happens usually in ecotones or in marginal habitats that make the 
number of parentals dispersing into the zone equivalent between the two species. 
Nevertheless, tension zones are often difficult to differentiate from environmentally 
stabilized clines because they reach ecological discontinuities that may themselves act as 
barriers to dispersal (Mallet and Barton 1989). 
Several mechanisms influence the movement of tension zones. For example, 
mobile tension zones are characterized by a selective advantage of more common 
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genotypes or phenotypes over disadvantageous heterozygotes or rare gene arrangements 
(Mallet and Barton 1989). Low population density may render tension zones “trapped” or 
immobile because of the limited dispersal potential of hybrid individuals with reduced 
fitness (e.g., those with heterozygote disadvantage) (Hewitt 1975, Barton 1979, Barton 
and Hewitt 1985, 1989, Shaw et al. 1989). The movement of tension zones stops when 
one hybrid type is favored over others by selection or the fitness of two alternative 
homozygotes is balanced and adapted to new environments. 
The clinal shape of tension zones is narrow after reaching a dispersal-selection 
balance in a few generations. Tension zones act as semipermeable membranes, that have 
no restrictions on mating between different forms and allow introgression of certain 
genotypes but not others (Barton 1979). Advantageous genes can penetrate tension zones 
most rapidly, neutral genes more slowly, and highly linked genes most slowly. Tension 
zones with different gene accumulations will tend to be connected to each other, and their 
union will increase the strength of the barrier effect Barton (1979). 
Environmental gradient models 
A genetic or m(Endler 1977) orphological gradient in a population may be caused 
by environmentally dependent selection through space. Such gradients generally result 
from transitions across ecotones, e.g., different elevational regimes on mountains or 
vegetational regimes in flatlands (Moore 1977). Environmental gradients generally are 
reflected as clines in morphological traits or allelic frequencies representing a balance 
between gene flow and differential selection along the gradient (Haldane 1948, Slatkin 
1973). If introgressing alleles diffuse freely or are influenced only by weak selection, 
clines will have a smooth sigmoid shape (Barton and Hewitt 1989). For stepped clines, 
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the situation is different. A combination of a smooth environmental gradient together 
with selection on genotypes that respond to that smooth gradient, combined with stepping 
stone migration, could generate a stepped cline that is different from a tension zone 
(Endler 1977). 
 Endler (1973) studied the relationship among gene flow, selection and 
environmental differences in several clines. From studies on Drosophila, he found the 
neutralizing effect (i.e., gene frequency of the immigrants equal to the gene frequency of 
the deme receiving the immigrants on a smooth cline) will be effective for all levels of 
gene flow. Therefore, clines in smooth environmental gradients will be unaffected by the 
small, weakening effects of gene flow, and eventually local differentiation among demes 
may occur along a relatively weak environmental gradient. However, (Endler 1973: 248) 
noted that the neutralizing effect of gene flow along the environmental gradient will be 
“reduced if there is a rapid spatial change in selection or a large change in slope of a 
selection gradient causing the cline.” In other words, the selective changes may increase 
the difference between the mean gene frequency of the immigrants and the gene 
frequency of the deme receiving the immigrants, and hence reduce the neutralizing effect 
of gene flow. He concluded that “gene flow may be unimportant in the differentiation of 
populations along environmental gradients” (Endler 1973: 249). 
The difficulty in distinguishing tension zones from environmentally induced 
clines is that the two often work together and may play a key role in the evolution of 
species.Environmental gradients may act as an early stimulant for divergence and help 
the evolution of reproductive isolation, or they may act as channels for secondary contact 
between related species that live in different environments, and therefore facilitate the 
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formation of hybrid zones (Culumber et al. 2012). Hybrids with intermediate phenotypes 
dominate parentals under certain environmental conditions, and hybrid zones often occur 
along environmental gradients and within transitional habitats (e.g., ecotones), yielding 
“bounded hybrid superiority” in the transitions (Moore 1977). Hybrid superiority is 
influenced by interspecific differences in physiological traits (e.g., thermal tolerance) in 
adapting to certain abiotic and biotic environmental factors along the gradients. That is, 
environmental factors are the main cause for the changes of any traits of a species along 
the environmental gradients. 
THE ROLE OF DISPERSAL AND SELECTION IN HYBRID ZONES 
The formation of hybrid zones is a function of two main forces: dispersal of 
parental individuals into and hybrids out of the zone, and selection for or against hybrid 
individuals. The source of selection in hybrid zones can be ecological (i.e., influenced by 
the external environment) or genetic (i.e., influenced solely by the interaction of co-
adapted genes) (Barton and Gale 1993), or due to sexual selection (Vamosi and Schluter 
1999). In clines, adaptation to the external environment involves the selection of alleles 
that are appropriate to the habitat. Such selection may favor or disfavor hybrids. Hybrids 
are most likely to be favored when transition habitat is suboptimal for parental 
populations. Genetic hybrid zones—tension zones—are caused by linkage disequilibrium 
between gene complexes in the two parental populations. These hybrid zones are 
dynamic, and their movement is related to the rate of gene flow into the zone and 
selection against hybrids, largely regardless of habitat (Key 1968, Barton and Hewitt 
1985). 
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Butlin et al. (2012) noted that the dispersal-selection balance might have a high 
impact on the probability of speciation caused by hybrid zones, depending on the ability 
of genes to move through a hybrid zone. Gene flow can be reduced into and across a 
hybrid zone by such factors as physical barriers, the hybrid sink effect, and genetic 
linkage favoring parental populations (Barton 1986). Related terms or descriptions 
expressing these negative forces include: genetic incompatibility, genetic load, reduced 
parental fitness in the hybrid zone, negative selection decreasing population density in the 
hybrid zone making it difficult to find mates, habitat choice behavior, and pre and post-
zygotic barriers (Jiggins and Mallet 2000, Schilthuizen 2000, Via 2001, Lenormand 
2002, Butlin et al. 2012). 
One of the most important parameters of a cline is its width (Arnold 1992). Cline 
width is defined as the inverse of the maximum slope of character state (usually allele) 
frequency change (May et al. 1975), or as the ratio of the difference between character 
state/allele frequencies of the populations on either side of the zone and the maximum 
slope (Barton and Gale 1993). The equation for cline width is: 
Cline width = 
∆z
(
∂z
∂x
)
 
∆𝑧 = differences between frequencies  
(∂z/∂x) = maximum slope of cline  
Cline widths can be calculated using the diffusion approximation, which describes 
the diffusion of alleles in a population and “holds when selection is weak” (Barton and 
Gale 1993:16). The approximation assumes the population is diploid and mates 
randomly. Barton and Gale (1993: 16) noted that “a variety of models of selection on 
single loci or quantitative traits produce clines with similar shapes and width proportional 
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to the ration between dispersal and the square root of selection (δ/√s).” They reached this 
conclusion after comparing cline widths that are maintained by a set of common selective 
forces, such as selection against heterozygotes or selection favoring different alleles on 
either side of a sharp ecotone, with and without dominance. In addition, Barton and 
Hewitt (1985) suggested that for a dispersal-independent cline to be maintained by 
selection the cline width must be wider than the characteristic scale of selection. 
The width of a dispersal-dependent cline, w, is related to the characteristic scale 
of selection, I = δ/√s, in which δ is the dispersal range, and s is proportional to selection 
(Barton and Hewitt 1985). If a hybrid zone is maintained by dispersal and negative 
selection against intermediate genotypes (i.e., heterozygotes or recombinants), then the 
width of the cline (w) should be approximately equal to the characteristic scale of 
selection (I) (Barton and Hewitt 1985, Arnold 1992). If a hybrid zone is maintained by 
positive selection (i.e., hybrids are favored), then w is much larger than I (Barton and 
Hewitt 1985, Arnold 1992). Furthermore, in a cline that is maintained by dispersal-
selection balance, the strength of selection will influence the measurement of dispersal 
range (δ); i.e., strong selection will make dispersal appear lower than it actually is, and 
vice versa. This effect is shown by the ratio between cline width (w) and the variance of 
parent-offspring distance: 𝑠 ∝  (𝜎|𝜔)2 (Barton and Hewitt 1985). 
Cline shape provides information about the nature of hybrid zones. Variation in 
the standard deviation of the distance between parent species and hybrids from place to 
place (δ) (Karlin and Richter-Dyn 1976), as well as selective mechanisms (Barton and 
Gale 1993), can influence the shape of the clines. For example, if a cline is maintained by 
selection against heterozygotes, then the cline might occur as a straight vertical line on a 
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graph. However, selection in which one allele has complete dominance over the other 
will not follow a straight line on the graph. This is probably because the high frequency 
of recessive alleles in regions where it is not favored (Barton and Gale 1993). In addition, 
the interaction among genes or epistasis can distort clines far from a sigmoid curve only 
if a moderate to large number of loci interact in their effects of fitness: “the effect is such 
that only individuals close to the central genotype have reduced fitness, and one is 
observing the loci that are actually under selection” (Barton and Gale 1993: 18). In sum, 
selection and native population structure will only have a slight impact on the cline shape 
of a hybrid zone (Barton and Gale 1993). 
A step-shaped cline is one with a sharp transition and shallow tails of 
introgression. A stepped pattern reflects a barrier to gene exchange, caused either by 
linkage disequilibrium of loci under selection or a physical barrier. The ratio between a 
step in allele frequency (∆ 𝑝) and the gradient at the edges (𝜕𝑝 𝜕𝑥⁄ ), (B = ∆ 𝑝 𝜕𝑝 𝜕𝑥⁄⁄ ), 
proposed by Jackson (1992), is used to assess the barrier strength by measuring the length 
of a local barrier that blocks the flow of neutral alleles (the length is the ratio above, 
which expresses distance in km). 
The study of Bombina revealed that advantageous alleles have the ability to 
penetrate hybrid zones and spread between two parental species (Szymura and Barton 
1991). This occurs if there are small variations in local population size (Barton 1979). In 
addition, Barton and Gale (1993) discussed how the width of the cline step reflects the 
width of the region in which two taxa meet and mean fitness is reduced, that is the width 
of clines at the loci under selection. Thus, the strength of the barrier to gene flow can be 
deduced by examining cline steepness. Moreover, if the region where the two taxa meet 
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is wide relative to the dispersal rate, selection on each locus must be weak, and hence 
many loci will be involved in maintaining the differences between the hybridizing taxa. 
Random fluctuations in cline shape provide information on the variance of allele 
frequency around a cline by providing an estimate of the average frequency between sites 
(Szymura and Barton 1991, Barton and Gale 1993). Moreover, allele frequency variances 
can be estimated from differences between loci within sites (Szymura and Barton 1991). 
In the Bombina study, Barton and Gale (1993) found significantly more variation in 
average frequency from one site to another site compared to the variation expected from 
differences between loci within sites. They attributed this result to the disparate nature of 
sites in terms of species contributions; some were more B. variegata-like, and the others 
were more B. bombina-like. If there is a recent colonization from one species into another 
species’ habitat, there will be strong disequilibrium and concordant deviations in allele 
frequencies, and hence fluctuations in the cline (Barton and Gale 1993). Alternatively, 
interactions between environmental variables (such as soil types) and quantitative traits 
could explain the fluctuations. Overall, fluctuations of cline shape depend on the product 
of population density and dispersal, and both vary from place to place (Barton and Gale 
1993). The variance of allele frequency around a cline depends on the balance between 
drift and gene flow, the number of migrants exchanged per generation (Nm), as well as 
the balance between gene flow and the any forces that can maintain the allele 
polymorphism (Barton and Gale 1993). Clearly, an association between dispersal and 
selection influences the strength of linkage disequilibria among all loci. Different degrees 
of selection on different loci or traits could influence the strength of linkage disequilibria, 
and hence affect the widths of clines (Barton and Gale 1993). 
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APPLICATION OF HYBRID ZONE THEORY TO BORNEAN BIRDS 
The principles and terms described in this chapter are applied in the coming 
chapters to molecular and morphological investigations of two well-known cases of 
hybridization in Borneo, between: (1) Copsychus malabaricus stricklandii in Sabah and 
environs and C. m. suavis in the rest of Borneo, and (2) C. saularis adamsi in Sabah, C. s. 
pluto in southeastern Borneo, and C. s. musicus in the rest of Borneo. These examinations 
will are the first intensive molecular studies of hybridization in Southeast Asia. 
Morphological comparisons of an analogous hybridization case in Java were also be 
conducted, i.e., between C. s. musicus in the west and C. s. amoenus in the east. 
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CHAPTER 4 
IDENTIFICATION OF CURRENT AND HISTORICAL HYBRID 
ZONES OF THE ORIENTAL MAGPIE-ROBIN (COPSYCHUS 
SAULARIS) AND THE WHITE-RUMPED SHAMA (COPSYCHUS 
MALABARICUS) IN BORNEO AND JAVA THROUGH ANALYSES 
OF MORPHOLOGICAL CHARACTERS 
 
 
INTRODUCTION 
Perhaps the most famous examples of bird populations that have diversified 
relatively recently in Sundaland are the Oriental Magpie Robin (Copsychus saularis) and 
the White-rumped Shama (C. malabaricus). Both species are in the thrush family, 
Turdidae. Populations of these species on Borneo and Java are morphologically and 
genetically subdivided between eastern and western parts of the islands, apparently as a 
result of Pleistocene glacial dynamics (Mees 1986, Mees 1996, Collar 2004, Sheldon et 
al. 2009c, Lim et al. 2010, Sangster et al. 2010). At present, only a superficial 
understanding exists of the extent and area of interaction of the populations of these 
species on the two islands (Figure 4.3). In both species, the distinctiveness between 
eastern and western forms is probably the result of isolation in Pleistocene forest refugia 
in eastern Borneo and western Sundaland (Brandon-Jones 1998, Gathorne-Hardy et al. 
2002, Gorog et al. 2004), and their current coexistence on Borneo and Java is the result of 
relatively recent invasion of the western forms during a period or periods of low sea level 
(Sheldon et al. 2009c, Lim et al. 2010). 
Copsychus saularis is a species of open habitats generally near coastlines, rivers, 
villages, and plantations. In appearance and behavior, it is very much like the American 
Northern Mockingbird (Mimus polyglottos). It is a strong singer, and therefore a popular 
cage bird throughout Southeast Asia. In Sundaland, C. saularis is divided into black-
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bellied subspecies in eastern Borneo (adamsi and pluto) and eastern Java (amoenus), and 
a white-bellied subspecies musicus in the western part of both islands (Figures 4.1 and 
4.3). Magpie-robin distribution, however, is not clear cut, because the species has been 
strongly influenced by human activity, especially forest clearing and the pet trade. The 
contact zone between the white- and black-bellied forms is reasonably well known for 
western Sabah and eastern Sarawak (Lim et al. 2010), and also in Java (Mees 1996), but 
where populations meet in central Borneo is unclear. Little is known about the extent or 
pattern of hybridization between the populations in any part of Borneo or Java. 
Approximate positions of the hybrid zones on Borneo were provided by (Mees 1986) and 
Lim et al. (2010) (Figure 4.3). 
A similar situation occurs in Copsychus malabaricus, except that it is a species of 
closed forest, both primary and secondary. C. malabaricus is divided into two taxa on 
Borneo, which are sometimes considered subspecies (Dickinson 2003, Collar 2004, Lim 
et al. 2010) and sometimes distinct species (Mees 1996, Smythies 1999, Mann 2008). In 
this study, to parallel the classification of C. saularis and thus simplify the discussion, I 
treat them as conspecific. C. m. suavis occurs in western and southern Borneo and has a 
black cap, and C. m. stricklandii occurs in Sabah and environs (northeastern Borneo) and 
has a white cap (Figures 4.2 and 4.3). Another subspecies, barbouri, is restricted to the 
island of Maratua off the east coast of Kalimantan. It is larger than the main island taxa 
and has a white cap like stricklandii (Smythies 1999). C. malabaricus in Java is divided 
into subspecies tricolor in the west and omissus (=javensus) in the east (Mees 1996) but 
unlike the subspecies of C. saularis, these taxa are not especially similar to those on 
Borneo. They may have derived their distributions in a similar manner to the Bornean 
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subspecies, or perhaps they are adapted to habitat differences in eastern (drier) versus 
western (wetter) Java. In any event, I have not investigated them further because their 
morphological distribution is well described by Mees (1996). Also, there is no possibility 
of future molecular investigations of these taxa from fresh tissues to complement 
morphological comparisons because C. malabaricus has been mostly extirpated from the 
wild by pet traders. 
 
 
Figure 4.1: Male and female Oriental Magpie-Robins (Copsychus saularis). Two male 
forms: 1) white belly; 2) black belly. Two female forms: 3) white belly; 4) gray belly. 
Photo 1 by Ian Barker; photo 2 by Tom Tarrant (http://ibc.lynxeds.com/photo/oriental-
magpie-robin-copsychus-saularis); photo 3 from Dip Deep 
(http://digdeep1962.blogspot.com/2012/03/10-13th-march-2012-raptor-watch-
tanjung.html); and photo 4 from http://www.divedownbelow.com/sabah-travel-
centre/wildlife-adventures/borneo-birding-tabin/ 
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Figure 4.2: White-rumped Shama (Copsychus malabaricus) in Borneo: 1) C. m. suavis, 
and 2) C. m. stricklandii. Photo 1 from Tan Chin Tong (http://orientalbirdimages.org), 
and photo 2 from Peter Ericsson (http://ibc.lynxeds.com).  
 
 
Figure 4.3. Approximate distribution of Copsychus saularis and C. malabaricus on 
Borneo and Java (Mees 1986, Lim et al. 2010). 
 
63 
For this chapter, I gathered and analyzed morphological data from museum 
specimens of C. suavis and C. malabaricus. These data are divided into two kinds: 
plumage-color and morphometric characters. My goal was to determine (or confirm) the 
position of the morphological contact zones of C. saularis on Borneo and Java and C. 
malabaricus on Borneo, and in the process determine if hybridization was evident from 
morphological comparisons of populations within the two species. 
METHODS 
Sampling 
I obtained data from specimens of bird skins of Copsychus saularis and C. 
malabaricus at the American Museum of Natural History, British Natural History 
Museum, Indonesian Institute of Science, Louisiana State University Museum of Natural 
Science, Raffles Museum, Sarawak Museum, Sabah Museum, U.S. National Museum, 
and Western Foundation of Vertebrate Zoology.These specimens came from: the 
Malaysian states of Sabah and Sarawak in northeast and northwest Borneo, respectively; 
the country of Brunei near the Sabah-Sarawak border; the Indonesian state of Kalimantan 
in south Borneo; and Java and Bali, Indonesia (Figure 4.3). I also collected 67 specimens 
of Copsychus saularis and 22 C. malabaricus myself in Sarawak and Sabah during three 
separate expeditions in 2010, 2011, and 2012. Specimens are listed in Appendix IV, V, 
VI, VII, VIII and IX. 
Based on preliminary observations of specimens and their collecting localities 
(Figures 4.4 and 4.5), I decided to define and examine four potential hybrid zones with 
straight-line transects across Borneo and Java: (1) C. saularis musicus-adamsi in northern 
Borneo (Sarawak-Sabah); (2) C. saularis musicus-pluto in southern Borneo (Sarawak-
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Kalimantan); (3) C. saularis musicus-amoenus in Java and Bali; and (4) C. malabaricus 
suavis-stricklandii in northern Borneo (Sabah-Sarawak). To obtain cline and population 
distances for hybrid zone analyses, I measured the distance from the center of each 
collecting locality to a designated reference population number 1 (Tables 4.1 to 4.4). The 
radii for localities on each transect are as follow: Transect 1, a maximum of 35 km; 
transect 2, a maximum of 100 km; transect 3, a maximum of 35 km; and transect 4, a 
maximum of 35 km. A total of 145 male and 58 female specimens from Borneo and 
Java/Bali were examined for these comparisons (Tables 4.1 to 4.4). Only male specimens 
were included in the plumage color analysis because of the difficulty of scoring females. 
It is difficult to identify and differentiate the female specimens among parental and non-
parental populations. Also, specimens that were missing more than two morphometric or 
plumage color characters were omitted from the analyses. 
For the morphometric analysis of C. s. musicus – C. s. adamsi, I measured a total 
of 83 male and 33 female specimens (Table 4.1). Specimens of musicus from Kuching, 
Sarawak (1-1), were selected as the western reference population, based on their 
similarity to the musicus type (Mees 1996) (Figure 4.4). Specimens of adamsi from 
Sandakan, Sabah (1-12), served as the eastern reference population, based on their 
similarity to the adamsi type (Chasen and Kloss 1930, Mees 1996). For analyses of C. s. 
musicus – C. s. pluto, Kuching (2-1) again served as the western reference population, 
and south Kalimantan (2-6) served as the reference population for pluto based on the 
descriptions of Mees (1996) (Figure 4.4). For analysis of C. s. musicus – C. s. amoenus, 
Banten, West Java (3-1), served as the reference population for musicus, and Bali, East 
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Java (3-6), served for amoenus. (Mees 1996). I used the same reference populations for 
the plumage analysis of C. saularis in Borneo and Java. 
For comparisons of C. malabaricus populations on Borneo, I measured 117 male 
specimens (Table 4.4). Female specimens were removed due to lack of specimens in few 
populations. Only one morphometric transect was examined: suavis – stricklandii, 
Semantan-Lundu, Sarawak (4-18), served as the western (suavis) reference population, 
and Banggi Island, Sabah (4-1), served as the eastern (stricklandii) reference population 
(Figure 4.5). I used the same reference populations for the plumage hybrid analysis of C. 
malabaricus in Borneo. 
Morphometric Characters 
In all, five characters were measured for the morphometric analysis following the 
guidelines of Baldwin et al. (1931). I measured three characters with dial calipers to the 
nearest 0.01 mm: bill length (BL; length of bill from nostril); bill height (BH; height of 
the bill at the nostril); and tarsus length (TRL; length from the middle of the joint 
between the tibia and metatarsus). A ruler was used to measure the other two characters: 
wing length (WL; from the farthest anterior point on the anterior edge of the wrist joint to 
the tip of the longest primary); and tail length (TL; from the insertion point of the middle 
pair of rectrices to the end of the tail). Weight was not used due to lack of data for many 
older skin specimens. Also, it is probably not advisable to use mass recorded by other 
investigators if explicit information, such as time of the day, date of collection, fat level, 
and other variables that influence weight are not available (Clark 1979).  
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Table 4.1: Specimens of C. saularis used to examine the musicus-adamsi hybrid zone. 
Number code refers to sampling locality (transect-population). N is the number of 
individuals compared. Specimens from each locality are listed in Appendix IV.  
 
Code Locality 
N Distance 
(km) Male Female 
1-1 Sarawak: Kuching, 1.425 ͦ N 110.346 ͦ E 11 6 0 
1-2 Sarawak: Kapit; Belaga, 2.663 ͦ N 114.203 ͦ E 4 1 467 
1-3 Sarawak: Miri; Niah, 3.905 ͦ N 113.734 ͦ E  1 1 521 
1-4 
Sarawak: Miri; Between Lambir and Baram, 4.302 ͦ N 
114.072 ͦ E 
 
12 3 521 
1-5 Sarawak: Miri; Long Laput, 3.316 ͦ N 114.793 ͦ E  4 1 538 
1-6 Sarawak: Miri; Bario, 3.743 ͦ N 115.456 ͦ E 6 - 624 
1-7 Sarawak: Lawas, 4.71 ͦ N 115.5 ͦ E 10 4 680 
1-8 Labuan Island, 5.29 ͦ N 115.24 ͦ E 4 - 693 
1-9 Sabah: Beufort, 5.378 ͦ N 115.663 ͦ E 4 3 737 
1-10 
Sabah: Between Penampang, Tambunan and Kota 
Kinabalu, 5.73 ͦ N 116.231 ͦ E 
 
17 9 811 
1-11 
Sabah: Between Kota Belud and Ranau, 6.202 ͦ N 
116.441 ͦ E 
 
7 3 861 
1-12 Sabah: Sandakan, 5.864 ͦ N 117.945 ͦ E  3 2 979 
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Table 4.2: Specimens of C. saularis used to examine the musicus-pluto hybrid zone. 
Number code refers to sampling locality (transect-population). N is number of individuals 
compared. Specimens from each locality are listed in Appendix IV.  
 
Code Locality 
N 
Distance 
(km) 
Male Female  
2-1 Sarawak: Kuching, 1.425 ͦ N 110.346 ͦ E 11 6 0 
2-2 Center West Kalimantan: Smitaw, 0.55 ͦ N 111.967 ͦ E 1 1 205 
2-3 Central Kalimantan: Palangka Raya, 1.401 ͦ N 113.278  ͦE 3 3 454 
2-4 South Kalimantan, -3.41 ͦ N 114.84 ͦ E  6 5 735 
2-5 
East Kalimantan: Between Tabang, Moera Antjaloeng, 
Moera Wahau, 0.432 ͦ N 116.678 ͦ E 
 
4 4 714 
2-6 
South East Kalimantan: Between Mt. Sari, Margasari, 
Karong, -0.574 ͦ N 117.016  ͦE 
 
4 3 776 
 
Table 4.3: Specimens of C. saularis used to examine the musicus-amoenus hybrid zone. 
Number code refers to sampling locality (transect-population). N is number of individuals 
compared. Specimens from each locality are listed in Appendix IV. 
 
Code Locality 
N Distance 
(km) Male Female 
3-1 West Java: Banten Province, -6.559 N 105.726 E 2 2 0 
3-2 West Java: Bogor and Jakarta, -6.375 ͦ N 106.833 ͦ E 8 10 123 
3-3 West Java: Garut, -7.367 ͦ N 107.783 ͦ E 5 - 244 
3-4 Central Java: Kabumen, -7.754 ͦ N 109.459 ͦ E 1 1 433 
3-5 Central Java: Jepara-Kudus, -6.63 ͦ N 110.73 ͦ E 5 - 554 
3-6 East Java: Bali, -8.107 ͦ N 115.289 ͦ E 2 - 1070 
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Table 4.4: Specimens of male C. malabaricus used to examine the suavis-stricklandii 
hybrid zone in Borneo. Number code refers to sampling locality (transect-population). N 
is number of individual birds examined. Specimens for each locality are listed in 
Appendix V.  
 
Code Locality N 
Distance 
(km) 
4-1 Sabah: Banggi Island, 9.206 ͦ N 117.120 ͦ E 6 0 
4-2 Sabah: Ranau, 6.382 ͦ N 116.627 ͦ E 6 107 
4-3 Sabah: Sandakan, 5.518 ͦ N 118.178 ͦ E 13 175 
4-4 Sabah: Keningau, 5.35 ͦ N 116.15 ͦ E 3 235 
4-5 Sabah: Sepulut, 4.737  ͦN 116.728 ͦ E 2 278 
4-6 Sabah: Between Sipitang, Weston and Rayoh, 4.917 ͦ N 115.767 ͦ E 7 296 
4-7 Sabah: Tenom, 4.708 ͦ N 115.92 ͦ E 2 309 
4-8 Sabah: Tawau, 4.495 ͦ N 117.878 ͦ E 9 313 
4-9 Sarawak: Lawas, 4.622 ͦ N 115.478 ͦ E 9 340 
4-10 Between Brunei and Sarawak: Limbang, 4.749 ͦ N 114.998 ͦ E 9 361 
4-11 Sarawak: Miri, 4.083 ͦ N 114.169 ͦ E 6 477 
4-12 
Sarawak: Bintulu, Between Usun Apau and Nibong, 3.253 ͦ N 
114.617 ͦ E 
 
2 521 
4-13 Kalimantan: East Kalimantan; Segah, 2.25 ͦ N 116.7 ͦ E 2 553 
4-14 Sarawak: Bintulu, Tatau 2.907 ͦ N 112.683 ͦ E 1 686 
4-15 
Kalimantan: East Kalimantan, Between Tabang and Ma Rekut, 
0.629 ͦ N 116.082 ͦ E  
 
12 741 
16 Sarawak: Saribas, 1.415 ͦ N 111.675 ͦ E 10 884 
17 Sarawak: Kuching, 1.624 ͦ N 110.314 ͦ E 11 978 
18 Sarawak: Between Semantan and Lundu, 1.725 ͦ N 109.695 ͦ E 5 1025 
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Figure 4.4: Populations of C. saularis on Borneo, Java, and Bali designated according to 
specimen data. Site codes correspond to Table 4.1 and 4.2.  
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Figure 4.5: Populations of C. malabaricus on Borneo designated according to specimen 
data. Site codes correspond to Table 4.4.  
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To discover patterns of size and shape variation, I computed a multivariate 
principle components analysis (PCA) in Factor Analysis-Free Statistical Software (Wessa 
2014) for each of the four clines. I used PCA to generate the structure of co-variation 
among the five morphometric characters; all five morphometric characters were collapsed 
into a smaller set of combined characters that could then be applied as a generalized 
phenotype in cline analyses. I also identified a single informative character for the cline-
fitting analyses for the three subspecies of C. saularis and two subspecies of C. 
malabaricus by performing a univariate ANOVA of the morphometric data from the 
reference populations using a Microsoft Excel program. This approach followed the 
methods of Hinkelmann (1996), who applied ANOVA to morphometric data in an 
analysis of subspecies of Long-tailed Hermit Hummingbird (Phaethornis superciliosus). 
He found significant differences in bill, tail and wing length among subspecies from 
different geographic regions. 
I was also interested in determining sexual size differences in C. saularis. I did 
not study sexual size differences in C. malabaricus due to a dearth of female specimens 
in my sample compared to male specimens. For this analysis, I applied Discriminant 
Function Analysis (DFA) for both sexes from all selected populations using an R 
program. If size differences were evident, I performed PCA on female specimens in each 
of the three C. saularis clines, following the same procedures used for males. I also 
applied the univariate analysis on the female specimens. For C. malabaricus, female 
specimens were not examined, as male samples were sufficient enough for hybrid 
analyses (Table 4.4). 
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Plumage Characters 
I assigned character scores and computed hybrid indexes to provide a quantitative 
assessment of plumage color variation in C. saularis and C. malabaricus. My method 
was based on Anderson’s hybrid index, in which a minimum score across a cline for a 
character indicates the typical state in one taxon (or parental population), and a maximum 
score for that character indicates the typical state in the other taxon (or parental 
population). Intermediate scores represent hybrid character states (Anderson 1949: 88-
91). This method has been used extensively to investigate hybridization between avian 
species in North and South America (Sibley and Short 1964a, b, Short 1965, Valle et al. 
2006). 
For C. malabaricus I used a single character in the hybrid index: crown color. 
Crown color is the preferred character for hybrid analysis in this species as it is the single 
most consistent character distinguishing subspecies stricklandii (pure white crown) from 
suavis (black crown) (Mees 1986, Mees 1996, Collar 2005). A few specimens display 
some black tipping to their white crown feathers (Figure 4.7). Pure suavis was assigned a 
score of 3, a pure stricklandii a score of 1, and hybrids a score of 2 (Table 4.5).  
Table 4.5: Hybrid index plumage scoring for Copsychus malabaricus in Borneo. 
Character Pure stricklandii 
(score 1) 
suavis x stricklandii 
(score 2) 
Pure suavis 
(score 3) 
Crown White White with black tips Black 
 
The hybrid indexes scoring of C. saularis was more complicated. I measured five 
obvious plumage characters in males that were expressed in all four subspecies, musicus, 
adamsi, pluto and amoenus: (1) belly color; (2) under-tail covert color; and (3-5) 
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proportion of black on each rectrix (rectrix 1 to 3), including both left and right sides. 
Colors on the belly and under-tail coverts were compared using a Munsell color plate 
(Munsell Color, MI) for neutral colors (white, gray and black). Then I correlated the 
colors using Munsell Notation and the Palmer name (Smithe 1975) and assigned each 
color correlation to a specific score (Table 4.6) as follows. Belly scores ranged from 0 to 
2: 0 represented a mixture N 5.0 (medium gray) to N 9.5 (white/near white); 1 
represented a mixture of N 1.0 (between black to blackish gray) to N 9.5 (white/near 
white); and 2 was a mixture of N 0.75 (black) to N 5.0 (medium gray). 
Table 4.6: Hybrid index plumage scoring for adult male Copsychus saularis belly color. 
Munsell Notation Palmer Name Scores* 
N 9.5 
Near white (N 9.25 – N 8.25) 
 
White  
N 8.0 Pale gray 
 
N 6.75 to N 7.75 Between light gray to pale gray 
 
N 6.5 Light gray 
 
N 6.25 to N 5.25  Between medium gray to light gray 
 
N 5.0 Medium gray 
 
N 4.75 to N 4.25 Between dark gray and medium gray  
 
N 4.0 Dark gray 
 
N 3.75 to N 2.75 Between blackish gray to dark gray 
 
N 2.5 to N 2.0 Blackish gray 
 
N 1.75 to N 1.0 Between black to blackish gray 
 
N 0.75 to N 0.5 Black  
 
 
* Refer to Appendix II for the complete scoring method for the belly. 
 
0 
2 
1 
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Colors for the under-tail coverts were similarly scored, but the range of colors 
(black, gray and white) differed (Table 4.7): 0 represented a mixture of N 6.75 to N 9.5 (a 
mixture of medium gray to white/near white); 1 was a mixture of N 1.0 to N 9.5 (a 
mixture of black to blackish gray to white/near white); and 2 was a mixture of N 0.75 to 
N 9.5 (a mixture of black to white/near white). The difference between a score of 2 and 1 
for the undertail coverts was that 2 was darker with fewer white spots than 1. 
Table 4.7: Hybrid index plumage scoring for adult male Copsychus saularis under-tail 
coverts. 
 
Munsell Notation Palmer Name Scores* 
N 9.5 
Near white (N 9.25 – N 8.25) 
 
White  
N 8.0 Pale gray 
N 6.75 to N 7.75 Between light gray to pale gray 
N 6.5 Light gray 
N 6.25 to N 5.25  Between medium gray to light gray 
 
N 5.0 Medium gray 
N 4.75 to N 4.25 Between dark gray and medium gray  
 
N 4.0 Dark gray 
N 3.75 to N 2.75 Between blackish gray to dark gray 
 
N 2.5 to N 2.0 Blackish gray 
N 1.75 to N 1.0 Between black to blackish gray 
N 0.75 to N 0.5 Black  
 
* Refer to Appendix III for the complete scoring method for under-tail coverts. 
 
 
0 
2 
1 
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Scores for the three rectrices (1 to 3) were assigned according to the percentage of 
black patches on each feather (Table 4.8). Total percentages on both left and right sides 
for each rectrix were divided by two to obtain the average for each feather-type on each 
specimen. To obtain a total hybrid index score (HIS) for a specimen, I summed the scores 
of the five plumage color characters. The HIS for a pure C. s. musicus was 0, adamsi was 
10, pluto 5, and amoenus 4. Plumage hybrid index color scores for C. saularis and C. 
malabaricus were plotted using DIVA-GIS (Hijmans et al. 2012). 
 
Table 4.8: The score for each rectrix of Copsychus saularis according to the percentage 
of black plumage. 
 
Percentage Score 
≤ 30 % black 0 
31 - 93 % black 1 
≥ 94 % black 2 
 
Hybrid zone analyses 
Clines were analyzed with the HZAR software package (Derryberry et al. 2013), 
which fits hybrid data to equilibrium cline models using likelihood functions and the 
Metropolis-Hasting algorithm in an R platform. The program models cline shape by 
joining three equations (Szymura and Barton 1991). The first equation is the sigmoid at 
the center of a cline, which is described by two parameters: width (w) and center (c). The 
other two equations are exponential decay curves (tails) on the left and right side of the 
center, each curve being described by two parameters: delta (d represents the distance 
between the tail and the center) and tau (t represents the coefficient of the slope in the 
tail) (Gay et al. 2008). To constrain the tails to be lower in slope than the sigmoid (hence 
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w < 0), t is scaled between 0 and 1. Pmin and Pmax are minimum and maximum 
observed frequencies used to scale the whole cline. 
To use the morphometric and plumage data in HZAR required some manipulation 
to produce data analogous to molecular frequencies. For morphometric data, each 
character was analyzed first by population for significant variation across its cline using 
ANOVA; then the significantly variable morphological characters in each cline were 
combined into a single principal components analysis (PCA) value. This value was then 
transformed via Bernoulli trials to produce a score from 0-1 analogous to molecular 
frequency data and, thus, usable in HZAR. For the plumage data, hybrid index values 
were directly Bernoulli transformed to 0-1 values. 
I fit 15 cline models to the morphometric and plumage hybrid index frequency 
scores. These models can be divided into three sets with different preference parameters 
(Derryberry 2013): set I had “none” scaling (a model with fixed Pmin= 0 and Pmax= 1); 
set II had “fixed” scaling (a model with Pmin=observed minimum frequency and Pmax= 
observed maximum frequency); and set III had “free” scaling (a model with a chosen 
Pmin and Pmax). For each set, there were five variations, and each variation had a 
sigmoid cline as follows: (A) no tails (a “none” model); (B) right exponential tail (a 
“right” model); (C) left exponential tail (a “left” model); (D) mirrored exponential tails (a 
“mirror” model with the same d and t); and (E) right and left independent tails (a “both” 
model with different d and t). To set up the covariance matrix, I ran each model for 1.0 x 
106 generations following Maley (2012). Then, I ran three independent chains of three 
runs each for a total of 9.0 x 106 generations. I checked the stability and convergence of 
the MCMC trace, the posterior distribution, and the cline parameters. Because some 
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models displayed irregularities, I ran eight additional runs of all 15 models for each data 
set, while maintaining the same covariance matrix as before the additional runs (as 
suggested by Maley 2012). These runs added a total of 24 x 106 generations. After the 
additional runs, all traces showed stability and convergence without any bad mixing. 
Next, I used the corrected Akaike Information Criterion (AIC) to select the single best 
model for each dataset. I plotted the maximum likelihood cline and also the 95% credible 
cline region from the posterior distribution for each selected model of the data set. 
To determine whether estimated parameters agreed between clines fitted with 
morphometric versus plumage data, 95% credible intervals for cline center and width 
parameter were generated from the posterior distribution of each model. I used two log-
likelihood-score confidence intervals to assess differences between estimated cline and 
width parameters (Edwards 1992). If the confidence intervals did not overlap, the 
parameters were considered significantly different. 
RESULTS 
Morphological Variation and Cline Shape in Copsychus malabaricus 
The crown patterns of adult male C. malabaricus plotted on the Borneo map 
showed a clear, sharp transition between the two subspecies suavis and stricklandii near 
the Sabah border (Figure 4.6). HZAR analysis indicated that the simplest cline Model IIA 
(Pmin= 0, Pmax= 1, no tails) was the best explanation of the C. malabaricus crown 
pattern (Table 4.9). The transition zone (Figure 4.8.1) was centered about 322 km from 
the reference parental population of stricklandii on Banggi Island (Table 4.9). The width 
of this transition was very narrow, about 18 km (Table 4.9).Hybrid individuals of C. 
malabaricus, which have black tipping to their white crown feathers (Figure 4.7), were 
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confined to the Sabah region, but their distribution showed no pattern (i.e., no obvious 
hybrid zone). The subspecies suavis with its black cap covered almost the whole of the 
rest of Borneo, including Sarawak, Kalimantan, and a small part of the Tenom area in 
southwestern Sabah. 
 
 
Figure 4.6: Crown color of C. malabaricus in Borneo. Individuals of C. m. stricklandii 
(white crown, blue squares) are confined in north Borneo, and C. m. suavis (black crown, 
red circles) are found in other parts of Borneo. Individuals with (yellow triangles) are 
confined to north Borneo. 
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Figure 4.7: Crown color of C. malabaricus in Borneo. An individual of C. m. stricklandii 
(left) has a black crown (HIS-3), a possible hybrid individual of C. m. suavis x 
stricklandii has white-with-black tipped crown feathers (HIS-2), and C m. stricklandii 
(right) has a white crown (HIS-1).  
 
In the PCA analysis of combined male morphometric characters, the first three PC 
axes accounted for 68% of the variance (Table 4.10). PC 1 explained 27% of the total 
variance, PC 2 21% and PC 3 20%. All five characters had positive loadings on PC 1, and 
PC 1 was positively correlated with wing length and tail length. For PC 2, all characters 
had positive loadings except wing length, and PC 2 was positively correlated with bill 
length. ANOVA on PC 1 showed no significant differences between western and eastern 
populations (F= 0.494, p= 0.499), and hence the combined characters of PC 1 were 
omitted from the cline analysis. However, ANOVA for tail length (TL) showed a 
significant difference (F= 5.303, p-value= 0.047) between reference populations. The 
other characters did not show significant differences (bill length F= 1.436, p= 0.261; bill 
height F= 0.071, p= 0.795; wing length F= 0.163, p= 0.896; tarsus length F= 0.019, p= 
0.893), hence TL was selected for the cline analysis. HZAR analysis indicated that Model 
IIIA (no tails, Pmin= 0.39 and Pmax= 0.86) provided the best fit to TL (Table 4.9). The 
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cline shape of TL indicated a wider, less well-defined transition than the cline of crown 
color (Figure 4.8.2). The TL transition was centered about 329 km from the reference 
population of stricklandii on Banggi Island (Table 4.9). The width of this transition was 
narrow, estimated to be about 5 km (Table 4.9). Interestingly, the estimated centers of 
morphometric and plumage color were almost coincident. 
Table 4.9: Selected models and estimated parameters for C. malabaricus morphological 
clines. Two-unit log likelihood confidence intervals for the center (c) and width (w) are 
presented in parentheses.  
 
Dataset N Model 
c (km from the 
parental reference) 
 
w (km) dR tR Pmix Pmax 
Crown pattern 105 IIA 321 (314-333) 18 (5 – 40) 1 0 0 1 
Tail length 86 IIIA 329 (215-413) 5 (0-806) 1 0 0.4 0.9 
 
Table 4.10: Correlation between morphometric measurements and the first three principal 
components from a PCA of the average of five measurements for males in populations C. 
malabaricus. 
 
Characters PC1 PC2 PC3 
Bill length 0.02 0.95 0.11 
Bill height 0.05 0.10 0.99 
Wing length 0.81 -0.20 0.03 
Tail length 0.82 0.24 0.05 
Tarsus length 0.06 0.12 0.01 
Eigenvalue 1.33 1.03 1.00 
Proportion variance 0.27 0.21 0.20 
Cumulative variance 0.27 0.47 0.67 
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Figure 4.8: C. malabaricus stricklandii-suavis cline fitted using HZAR: (1) crown color 
and (2) tail length. Crosses indicate observed frequencies at collection localities, black 
line represents maximum likelihood cline for each selected model, and gray shaded area 
is the 95% credible cline region. Numbers represent populations (refer to Table 4.4).  
 
Morphological Variation and Cline Shape of male Copsychus saularis 
Here I examine male specimens in an assessment of the three C. saularis clines: 
musicus-adamsi, musicus-pluto, and musicus amoenus. Female specimens are examined 
in the next section. 
Kuching-Sandakan― Of 68 male specimens of C. saularis musicus and C. s. 
adamsi, representing the cline from Kuching, Sarawak, to Sandakan, Sabah, 53 had HIS 
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greater than 0 and less than 10. Plumage color did not show a clear transition between the 
subspecies (Figure 4.9). Individuals with HIS of 0 (red circles) occur up to the border of 
Sabah-Sarawak, whereas HIS 10 are confined to the east coast of Sabah (blue squares). 
Hybrids, with HIS of 1-9 are found from the central part of Sarawak to west coast of 
Sabah. However, there is the possibility that the two pure musicus individuals in the 
mountains near the border of Sabah-Sarawak-Kalimantan may have been transplanted 
(i.e. this species is a popular caged bird, and this individual might have been removed 
from its parental population and moved to this site). In that case, there is a clear transition 
between Sabah and Sarawak. HZAR analysis of the HIS indicated that Model IA (Pmin= 
0, Pmax= 1, no tails) best fits the plumage color characteristics (Table 4.17). Cline shape 
of the HIS (Figure 4.11) showed a transition that centered about 699 km from Kuching, 
Sarawak and the width was 315 km (Table 4.17). 
In the PCA, the first three PC axes accounted for 67% of the variance in the 
morphometric data (Table 4.11). PC 1 explained 29% of the total variance, the PC 2 24% 
and PC 3 24% (Table 4.11). All five characters had positive loadings on PC 1 except bill 
height, and PC 1 was positively correlated with tail length and tarsus length. For PC 2, 
bill height and tarsus length had negative loadings, but all characters were positive. PC 2 
was positively correlated with wing length. ANOVA on the PC 1 showed no significant 
differences among populations (F= 1.41, p= 0.26), and hence the combined characters of 
PC 1 were omitted from the cline analysis. ANOVA of all characters did not show any 
significant differences among populations (bill length F= 1.432, p= 0.259; bill height F= 
1.537, p= 0.243; wing length F= 1.198, p= 0.299; tail length F= 0.35, p= 0.567; tarsus 
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length F= 0.019, p= 0.893) (Table 4.12), hence no cline analysis was performed for the 
morphometric data of populations of musicus-adamsi. 
Table 4.11: Correlation between morphometric measurements and the first three principal 
components from a PCA of the average of five measurements for male C. saularis 
populations from Sabah and Sarawak. 
 
Characters PC1 PC2 PC3 
Bill length 0.07 0.07 0.98 
Bill height -0.06 -0.06 0.08 
Wing length 0.06 0.97 0.07 
Tail length 0.72 0.27 0.23 
Tarsus length 0.86 -0.10 -0.08 
Eigenvalue 1.28 1.03 1.03 
Proportion variance 0.29 0.24 0.24 
Cumulative variance 0.29 0.53 0.77 
 
Table 4.12: Results of the ANOVA comparing the males of subspecies C. saularis 
musicus and C. s. adamsi from parental populations Significant values (p<0.05) are in 
bold. All measurements are in millimeters. 
 
 1-1 1-12 
F-value p-value 
Character Mean SD Mean SD 
Bill length 15.52 0.87 14.85 0.69 1.43 0.26 
Bill height 6.51 0.40 6.19 0.31 1.54 0.24 
Wing length 107.56 3.88 110.33 3.51 1.20 0.30 
Tail length 95.22 8.32 100.33 23.71 0.35 0.57 
Tarsus length 29.04 1.08 29.89 1.35 1.27 0.29 
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Figure 4.9: Plumage color distribution in male C. saularis musicus and C. s. adamsi in 
Sabah and Sarawak: musicus (HIS 0; red circles), adamsi (HIS 10; blue squares), hybrids 
(HIS 1-9; yellow triangles). Numbers represent populations (refer Table 4.1).  
 
 
 
85 
 
Figure 4.10: Plumage color distribution in male C. saularis musicus and C. s. adamsi in Sabah and Sarawak. Numbers represent 
populations, and numbers in parentheses are HIS scores (refer Table 4.1). The clinal transition starts with subspecies musicus on the 
left with a score HIS 0 to subspecies adamsi on the right with a HIS score of 10). Refer to Appendix X for the details on plumage 
color scores for each specimen. 
 
86 
 
Figure 4.11: Plumage cline of populations of male C. saularis musicus and C. s. adamsi 
fitted using HZAR. Crosses indicate frequencies at collecting localities, the black line 
represents the maximum likelihood cline for each selected model, and gray shaded areas 
are the 95% credible cline region. Numbers represent populations (refer Table 4.1). 
 
Kuching-Southeast Kalimantan― Of 22 specimens of C. saularis musicus and C. s. 
pluto, five had HIS greater than 0 and less than the maximum of 4. Plotting plumage 
color of adult males of C. saularis on a map of Kalimantan indicated no clear clinal 
pattern (Figure 4.12). Individuals with HIS of 0 (red circles) were found only in the mid-
south of Kalimantan, and those with HIS of 4 were confined to the south and east coast 
(blue squares). Hybrid individuals with HIS of 1-3 were found in a wide swath across 
Kalimantan. HZAR analysis indicated that Model IIA (Pmin= observed minimum 
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frequency; Pmax= observed maximum frequency; and no tails) best fit the plumage color 
characters (Table 4.17), yielding a cline (Figure 4.14.1) with a gradual transition that 
centered about 506 km from Kuching, Sarawak, and the width was 538 km (Table 4.17). 
In PCA of morphometric data of musicus-pluto, the first three PC axes accounted 
for 75% of the variance (Table 4.13). PC 1 explained 32% of the total variance, the PC 2 
22% and PC 3 22% (Table 4.13). All characters had positive loadings on PC 1 except bill 
length and tarsus length. PC 1 was positively correlated with wing length and tail length. 
For PC 2, bill length and wing length had positive loadings, but others characters were 
negative. PC 2 was positively correlated with bill length. ANOVA on the PC 1 showed 
no significant difference between west and eastern populations (F= 0.59, p= 0.47), and 
hence the combined characters of PC 1 were omitted from the cline analysis. ANOVA for 
bill length (F= 4.19, p= 0.06) and tarsus length (F= 0.29, p= 0.6) also did not show any 
significant differences between the reference populations (Table 4.14). However, 
ANOVA for bill height (F= 12.74, p= 0.007), wing length (F= 9.58, p= 0.009) and tail 
length (F= 5.04, p= 0.04) did show significant differences between the reference 
populations (Table 4.14). From the three characters that showed significant differences in 
ANOVA, I chose wing length for further clinal analysis because wing length best 
represents bird body size (Gosler et al. 1998). From a previous study, wing length was 
found to be strongly correlated with lean dry mass (Connel et al. 1960). HZAR selected 
Model IIA to fit wing length, producing a cline that was not at all similar to that of 
plumage color (Table 4.17). Poor sampling was probably the cause of unreliable wing-
length cline characteristics: the cline did not have a clear transition (Figure 4.14.2), its 
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center was about -10 km from Kuching, and its width very large, ca. 630 km (Table 
4.17). 
Table 4.13: Correlation between morphometric measurements and the first three principal 
components from a PCA of the average of five measurements for male C. saularis in 
Kalimantan, Indonesia. 
 
Characters PC1 PC2 PC3 
Bill length -0.03 0.98 -0.09 
Bill height 0.09 -0.06 0.21 
Wing length 0.91 0.18 0.19 
Tail length 0.86 -0.30 -0.27 
Tarsus length -0.02 -0.09 0.96 
Eigenvalue 1.58 1.09 1.08 
Proportion variance 0.32 0.22 0.22 
Cumulative variance 0.32 0.54 0.75 
 
Table 4.14: Results of the ANOVA comparing male C. saularis musicus and C. s. pluto 
from pure populations. Significant values (p<0.05) are in bold. All measurements are in 
millimeters.  
 
 2-1 2-6 
F-value p-value 
Character Mean SD Mean SD 
Bill length 15.31 0.90 14.16 0.63 0.06 4.75 
Bill height 6.51 0.40 8 - 12.74 0.007 
Wing length 106.73 3.95 114 0 9.58 0.009 
Tail length 93.82 8.22 106 8.89 5.04 0.04 
Tarsus length 29.29 1.21 29.81 2.40 0.29 0.60 
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Figure 4.12: Plumage color distribution of male C. saularis musicus and C. s. pluto in 
Kalimantan: C. s. musicus (HIS 0; red circles), pluto (HIS 4; blue squares), and hybrids 
(HIS 1-3; yellow triangles). Numbers represent populations (refer Table 4.2).  
 
 
Figure 4.13: Plumage color distribution of male C. saularis musicus and C. s. pluto in 
Kalimantan. Numbers represent populations (refer Table 4.2). The cline transition starts 
from left (subspecies musicus with HIS 0 to subspecies pluto with HIS 4). Refer 
Appendix XI for the detail plumage color scores for each specimen. 
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Figure 4.14: Clines of male C. saularis musicus and C. s. pluto fitted using HZAR: (1) 
HIS and (2) wing length. Crosses indicate observed frequencies at collecting localities, 
black lines represent the maximum likelihood cline for each model, and gray shaded 
areas are the 95% credible cline region. Numbers represent populations (refer Table 4.2).  
 
Java and Bali— In comparisons of C. saularis musicus and C. s. amoenus, 14 
individuals had a HIS of 0 (pure musicus), 6 had a HIS of 4 (pure amoenus), and 13 had a 
HIS between 1 and 3 (hybrids). Plumages colors plotted on a map of Java suggested 
clinal variation between these two subspecies (Figure 4.15). Individuals with a HIS of 0 
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(red circles; musicus) are found in western Java, and those with a HIS of 4 (amoenus) are 
confined to eastern Java and Bali (blue triangles). Hybrid individuals with a HIS of 1-3 
(yellow squares) are found in western and central Java. HZAR analysis found that Model 
IIA (Pmin= observed minimum frequency; Pmax= observed maximum frequency; and no 
tails) best fits the plumage characteristics (Table 4.17). The C. saularis HIS cline in Java 
(Figure 4.17) had a very sharp transition, centered about 244 km from Banten, Indonesia, 
with a width of 3 km (Table 4.17).  
 
Figure 4.15: Male C. saularis musicus and C. s. amoenus in Java: musicus (HIS 0; red 
circles), amoenus (HIS 4; blue squares), and hybrids (HIS 1-3; yellow triangles). 
Numbers represent populations (refer Table 4.3).  
 
 
Figure 4.16: Male C. saularis musicus and C. s. amoenus in Java. Numbers represent 
populations (refer Table 4.3). The cline starts from left, from subspecies musicus with 
HIS 0 to subspecies pluto with HIS 4). Refer to Appendix XII for details of plumage 
color scores for each specimen. 
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PCA on the morphometric data of C. saularis musicus-amoenus showed the first 
three PC axes accounting for 73% of the variance (Table 4.15). PC 1 explained 27% of 
the total variance, the PC 2 25% and PC 3 20% (Table 4.15). All characters had positive 
loadings on PC 1, and PC 1 was positively correlated with bill height. All characters had 
positive loadings on PC 2, and it was positively correlated with tail length. ANOVA on 
the PC 1 between reference populations showed no significant differences (F=1.55, 
p=0.43), and hence the combined characters of PC 1 were omitted from the cline 
analysis. ANOVA for all morphometric characters also did not indicate any significant 
differences between both reference populations (Table 4.16). Hence, no cline analysis of 
morphometric data was performed. 
 
Table 4.13: Correlation between morphometric measurements and the first three principal 
components from a PCA of the average of five measurements for the males of C. saularis 
in Java and Bali, Indonesia. 
 
Characters PC1 PC2 PC3 
Bill length 0.19 0.05 0.05 
Bill height 0.92 0.12 0.14 
Wing length 0.66 0.57 0.18 
Tail length 0.16 0.96 0.02 
Tarsus length 0.16 0.06 0.98 
Eigenvalue 1.37 1.26 1.02 
Proportion variance 0.27 0.25 0.2 
Cumulative variance 0.27 0.53 0.73 
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Table 4.16: Results of the ANOVA comparing males of C. saularis musicus and C. s. 
amoenus from pure populations on Java and Bali. Significant values (p<0.05) are in bold. 
All measurements are in millimeters.  
 
 3-1 3-6 
F-value p-value 
Character Mean SD Mean SD 
Bill length 13.06 1.23 13.24 0.86 0.04 0.84 
Bill height 5.75 - 6.17 0.20 3.30 0.21 
Wing length 102 2 106.25 5.56 0.27 6.61 
Tail length 98 6.24 111.75 11.32 3.50 0.12 
Tarsus length 30.03 1.0 29.63 1.28 0.18 0.99 
 
Figure 4.17: Plumage cline of male C. saularis musicus and C. s. amoenus fitted using 
HZAR. Crosses indicate frequencies at collecting localities, the black line represents the 
maximum likelihood cline of the model, and gray shaded areas are the 95% credible cline 
region. Numbers represent populations (refer Table 4.3). 
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Table 4.17: Selected models and estimated parameters for male C. saularis 
morphological clines. Two-unit log likelihood confidence intervals for the center (c) and 
width (w) are presented in parentheses. HIS is the hybrid index score for all five plumage 
color characters.  
 
Dataset N Model 
c (km from the pure 
parental reference) 
 
w (km) dR tR Pmix Pmax 
HIS  
musicus-adamsi 
 
68 IA 699 (642-753) 315 (200-561) 1 0 0 1 
HIS  
musicus-pluto 
 
22 IIA 506 (289-683) 538 (257-800) 1 0 0 1 
Morphometric Wing 
length 
musicus-pluto 
 
27 IIA -10 (-10-107) 631 (211-800) 1 0 0 1 
HIS  
musicus-amoenus 
 
38 IIA 243 (196-303) 18 (0-256) 1 0 0 1 
 
Morphological Variation and Cline Shape in female C. saularis 
 Kuching-Sandakan— In the PCA of musicus-adamsi female specimens, the first 
three PC axes accounted for 69% of the variance in the morphometric data (Table 4.18). 
PC 1 explained 28% of the total variance, PC 2 21%, and PC 3 20% (Table 4.18). All 
characters had positive loadings on PC 1 except tail length, and PC 1 was positively 
correlated with bill shape and size. Comparisons between females and males of these two 
subspecies revealed that females were similar in bill shape and size, whereas males were 
similar in body shape and size. For PC 2, bill height had a negative loading, but all 
characters were positive. PC 2 was positively correlated with wing and tarsus length. 
ANOVA on PC 1 for the two reference populations showed no significant difference (F= 
0.0001, p= 0.99), and hence the combined characters of PC 1 were omitted from cline 
analysis. ANOVA of bill length (F= 6.27, p= 0.046) and tarsus length (F= 7.26, p= 0.04) 
for reference populations indicated significant differences (Table 4.19). However, the 
other characters (bill height F= 0.54, p= 0.49; wing length F= 1.537, p= 0.243; wing 
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length F= 1.198, p= 0.299; tail length F= 0.35, p= 0.567) showed no significant 
differences (Table 4.19), hence clines were not analyzed for those characters. Between 
bill length and tarsus length, I chose tarsus length to investigate cline shape between the 
two subspecies because that character had a more significant p-value. HZAR selected 
Model IA (Pmin= 0, Pmax= 1, no tails) to fit tarsus length, but the generated cline shape 
did not have a clear and smooth transition (Figure 4.18). The cline center was estimated 
to be about 565 km from Kuching (Table 4.24), almost 100 km closer to the cline center 
that was generated by using male plumage character (Table 4.17). However, the width of 
this transition zone was greater than the width generated from plumage characters (565 
km; Table 4.24). Comparison of the cline shapes between female tarsus length and male 
plumage characters, revealed that male plumage characters had a clearer transition than 
did the female tarsus. 
Table 4.18: Correlation between morphometric measurements and PC1 from a PCA of 
the average of five measurements of female C. saularis in Sabah-Sarawak, Malaysia.  
 
Characters PC1 PC2 PC3 
Bill length 0.86 0.17 0.11 
Bill height 0.79 -0.14 -0.19 
Wing length 0.13 0.0 0.07 
Tail length -0.04 0.04 0.98 
Tarsus length 0.03 0.99 0.04 
Eigenvalue 1.39 1.03 1.02 
Proportion variance 0.28 0.21 0.2 
Cumulative variance 0.28 0.48 0.69 
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Table 4.19: Results of the ANOVA comparing females of C. saularis musicus and C. s. 
adamsi from pure populations in Sabah and Sarawak. Significant values (p<0.05) are in 
bold. All measurements are in millimeters.  
 
 1-1 1-12 
F-value p-value 
Character Mean SD Mean SD 
Bill length 14.51 0.36 15.18 0.01 6.27 0.046 
Bill height 6.42 0.47 6.15 0.23 0.54 0.70 
Wing length 99.17 4.95 101.5 4.95 0.33 0.59 
Tail length 87.83 4.44 93 0 2.40 0.17 
Tarsus length 28.66 0.49 31.07 2.45 7.26 0.04 
 
Figure 4.18: Maximum likelihood cline of tarsus length between females of C. saularis 
musicus and C. s. adamsi fitted using HZAR. Crosses indicate frequencies at collecting 
localities, the black line represents the maximum likelihood cline, and gray shaded areas 
are the 95% credible cline region. Numbers represent populations (refer Table 4.1). 
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Kuching-Southeast Kalimantan― In the PCA of female musicus-pluto specimens, 
the first three PC axes accounted for 78%, of the total morphometric variance. PC 1 was 
34%, PC 2 23% and PC 3 21% (Table 4.20). For PC 1, all characters had positive 
loadings except bill height, and PC 1 was positively correlated with tail and tarsus length 
(Table 4.20). Comparison between females and males of these two subspecies revealed 
that females and males corresponded with one another in body shape and size. Both sexes 
were positively correlated in tail length. For PC 2, all characters had positive loadings, 
and PC 2 was positively correlated with wing length (Table 4.20). 
Table 4.20: Correlation between morphometric measurements and PC1 from a PCA of 
the average of five measurements of female C. saularis in Kalimantan, Indonesia. 
 
Characters PC1 PC2 PC3 
Bill length 0.09 0.22 0.97 
Bill height -0.11 0.09 0.02 
Wing length 0.28 0.9 0.30 
Tail length 0.95 0.11 0.12 
Tarsus length 0.82 0.53 0.03 
Eigenvalue 1.68 1.15 1.05 
Proportion variance 0.34 0.23 0.21 
Cumulative variance 0.34 0.57 0.78 
 
ANOVA in PC 1 of the two reference populations indicated a significant 
difference (F= 54.62, p= 0.0002), and hence the combined characters of PC 1 were used 
in a cline analysis. This was the only instance in which PC1 morphometric data were 
selected for further analysis. The reason for this may be because the tail and wing 
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characters were particularly different between the reference populations (wing length F= 
24.68, p= 0.002; tail length F= 34.35, p= 0.0006; tarsus length F= 61.71, p= 0.0001). Bill 
characters (bill length F= 1.17, p= 0.32; bill height F= 0.05, p= 0.053) (Table 4.21) 
showed no significant differences. Cline analysis of PC1 data was used in the cline 
analysis in lieu of analysis of individual characters. HZAR selected Model IA (Pmin= 0, 
Pmax= 1, no tails) to fit the PC 1, and the generated cline shape was very sharp (Figure 
4.19), with a center estimated about 102 km from Kuching, Sarawak. The cline width was 
about 5 km (Table 4.24). 
 Java-Bali― For the female musicus-amoenus cline, PC 1 accounted for 31%, PC 
2 24% and PC 3 22% of the morphometric variance (Table 4.22). The PC 1 was strongly 
correlated with bill shape and size. I could not compare female and male PC 1 values 
because the beaks of the two female specimens from Bali could not be measured and, 
hence, they were removed from these analyses. For PC 2, only bill height and tarsus 
length had positive loadings, and PC 2 was positively correlated with tarsus length (Table 
4.22). ANOVA between the two reference populations (Banten, West Java (WJ), and 
Karang Bolang (KA)) indicated no significant difference in PC1 (F= 0.84, p= 0.53); 
hence, the combined characters of PC 1 were omitted from cline analysis. ANOVA of 
tarsus length (F= 876.74, p= 0.02) between reference populations indicated a significant 
difference, unlike the other characters (bill length F= 1.5, p= 0.44; bill height F= 1.02, p= 
0.49; wing length F= 8.33, p= 0.21; tail length F= 0.08, p= 0.82) showed no significant 
differences (Table 4.23); hence, only tarsus length was used to investigate cline shape. 
HZAR selected Model IA (Pmin= 0, Pmax= 1, no tails) to fit tarsus length, and it 
generated cline with a clear and sharp transition (Figure 4.20). The cline center was 
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estimated at about 138 km from Banten, West Java, and the cline width was estimated at 
about 27 km (Table 4.24). 
Table 4.21: Results of the ANOVA comparing females of C. saularis musicus and C. s. 
pluto from pure populations in Kalimantan, Indonesia. Significant values (p<0.05) are in 
bold. All measurements are in millimeters. 
 
 2-1 2-6 
F-value p-value 
Character Mean SD Mean SD 
Bill length 14.51 0.36 15.06 1.23 1.17 0.32 
Bill height 6.42 0.47 6.48 0.09 0.05 0.83 
Wing length 99.17 4.99 114 0 24.68 0.002 
Tail length 87.83 4.45 104.67 2.87 34.35 0.0006 
Tarsus length 28.66 0.50 31.64 0.63 61.71 0.0001 
 
Figure 4.19: The cline of PC 1 for females of C. saularis musicus and C. s. pluto fitted 
using HZAR. Crosses indicate observed frequencies at collecting localities, the black line 
represents the maximum likelihood cline, and gray shaded areas are the 95% credible 
cline region. Numbers represent populations (refer Table 4.2). 
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Table 4.22: Correlation of morphometric measurements and PC1 from a PCA of the 
average of five measurements of female C. saularis in Java, Indonesia.  
 
Characters PC1 PC2 PC3 
Bill length 0.89 -0.19 0.05 
Bill height 0.84 0.45 -0.05 
Wing length 0.03 -0.14 0.95 
Tail length -0.18 -0.23 0.42 
Tarsus length 0.05 0.94 -0.15 
Eigenvalue 1.55 1.20 1.10 
Proportion variance 0.31 0.24 0.22 
Cumulative variance 0.31 0.55 0.77 
 
Table 4.23: Results of the ANOVA comparing females of C. saularis musicus and C. s. 
amoenus from pure populations in Java, Indonesia. Significant values (p<0.05) are in 
bold. All measurements are in millimeters. 
 
 3-1 3-6 
F-value p-value 
Character Mean SD Mean SD 
Bill length 13.71 0.86 12.42 - 1.50 0.44 
Bill height 5.97 0.40 5.55 - 1.02 0.50 
Wing length 96 1.41 101 - 8.33 0.21 
Tail length 96 2.83 97 - 0.08 0.82 
Tarsus length 27.85 0.05 26.05 - 876.74 0.02 
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Figure 4.20: The cline of tarsus length in females of C. saularis musicus and C. s. 
amoenus fitted using HZAR. Crosses indicate frequencies at collecting localities, the 
black lines represents the maximum likelihood cline, and gray shaded areas are the 95% 
credible cline region. Numbers represent populations (refer Table 4.3). 
 
Table 4.24: Selected models and estimated parameters for females morphological clines 
of C. saularis. Two-unit log likelihood confidence intervals for the center (c) and width 
(w) are presented in parentheses. HIS is hybrid index score for all five plumage color 
characters.  
 
Dataset N Model 
c (km from the pure 
parental reference) 
 
w (km) dR tR Pmix Pmax 
Tarsus length 
musicus-adamsi 
 
33 IA 565 (294-724) 750 (373-2000) 1 0 0 1 
PC 1 
musicus-pluto 
 
12 IA 102(1-311) 5 (0-493) 1 0 0 1 
Tarsus length 
musicus-amoenus 
 
13 IA 139(124-920) 27 (1-1200) 1 0 0 1 
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DISCUSSION 
 The outcome of this analysis is similar to earlier morphological assessments by 
Mees (1986, 1996), but with greater quantitation. For northern Borneo, enough sampling 
was available to determine whether Copsychus malabaricus and C. saularis subspecies 
form clines and hybridize. The same is true for Java and Bali for C. saularis. However, 
our understanding of the distribution of the two species in Kalimantan remains 
incomplete because of poor sampling. Unfortunately, we may not be able to obtain 
adequate sampling, especially of C. saularis, before the pet trade completely destroys its 
historical pattern by moving individuals around. Already, both species are essentially 
extirpated in the wild in Java and are being replaced by individuals imported from south 
Borneo (J. Mittermeier, pers. comm.). 
 Perhaps the most interesting discovery of the morphological analysis concerns C. 
malabaricus subspecies in Malaysian Borneo. Previous assessments suggested the 
possibility of substantial hybridization and intergradation between subspecies suavis and 
stricklandii (Collar 2004, Lim et al. 2010), justifying the maintenance of a single species 
(Dickinson 2003), rather than splitting the two subspecies into distinct species (Mees 
1996, Davison 1999, Smythies 1999, Mann 2008). Indeed, on my first collecting trip in 
2010, I collected a black capped (suavis) individual relatively deep in Sabah (B73450, 
Male, Ulu Tomani, Tenom, Sabah), and I thus anticipated considerable admixture of the 
populations, at least near the Sabah border. However, this has not turned out to be the 
case. The two subspecies meet and replace each other abruptly near the Sabah border 
(Figures 4.6 and 4.12). What are considered hybrids in Sabah on the basis of some 
variation in crown feathers show no particular pattern of intergradation. In fact, these 
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purported hybrids might not be hybrids at all, but instead young or aberrant individuals. 
Alternatively, there might be ancestral variation retained in the stricklandii population, 
causing occasional birds to have black tipping in their crown feathers (J. V. Remsen, 
pers. comm.). 
However, the situation in Kalimantan south of Sabah may be different. A wider 
zone of contact has been reported and even a mixed nesting pair of C. malabaricus 
subspecies (Van Balen and Nurwatha 1997, Collar 2004). Also, the presence of a white-
capped subspecies, barbouri, on Maratua Island off the east coast of Kalimantan suggests 
an interesting historical dynamic for C. malabaricus south of Sabah. C. m. barbouri is 
more closely related to stricklandii than to suavis (Sheldon lab, unpublished mtDNA 
data), and this suggests that the black-capped suavis replaced white-capped birds in 
northeast Kalimantan, either by pushing them back, holding them in already occupied 
refuges in Sabah and on Maratua, or swamping them through hybridization. Further 
sampling and molecular comparisons may help clarify the history in this region. In any 
event, at this stage based on morphological data, it appears that C. malabaricus suavis 
and C. m. stricklandii should be treated as distinct species, which may occasionally 
hybridize (Gill 2014). 
 Copsychus saularis musicus and C. s. adamsi in Malaysian Borneo (Sabah and 
Sarawak) grade into one another in a long cline of intermediate forms between the 
endpoints of Kuching (population 1.1) and Sandakan (population 1-12) (Figures 4.9 and 
4.11). Indeed, it is difficult to find pure subspecific forms in this species. The two 
individuals of musicus in the mountains near the Sabah-Sarawak and Indonesian border 
(Figure 4.9) are most likely transplants. These are 50 to 60 year-old specimens, which 
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may either represent an earlier distribution of the birds (and thus cline), or that someone 
transported those birds to that region. The stark difference in C. saularis and C. 
malabaricus distributions and hybridization patterns may have to do with their dispersal 
potential.It is certainly not an issue of habitat, since the habitat is continuous.Sexual 
selection may also have been involved. C. saularis is an open country species, well 
known for its ability to disperse, even to remote islands, whereas C. malabaricus is a 
forest species (Sheldon et al. 2009c, Lim et al. 2010). Thus, C. malabaricus was more 
likely to have been restricted to interior forest refuges during glacial cycles of the 
Pleistocene than C. saularis, which would have been freer to move about. The 
distribution and hybridization in C. suavis suggests that it is best considered a single, 
polytypic species. 
 In Kalimantan, the poor sampling of C. saularis makes any conclusions highly 
speculative. The pure forms appear to be largely distributed near the coasts, and hybrids 
distributed widely across the middle of Kalimantan (Figures 4.12 and 4.14). One 
individual of musicus in south central Kalimantan seems most likely to be a transplant. 
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CHAPTER 5 
IDENTIFICATION OF CURRENT HYBRID ZONES OF THE 
ORIENTAL MAGPIE-ROBIN (COPSYCHUS SAULARIS) AND THE 
WHITE-RUMPED SHAMA (COPSYCHUS MALABARICUS) IN 
MALAYSIAN BORNEO (SABAH AND SARAWAK) THROUGH 
ANALYSES OF MORPHOLOGICAL AND MOLECULAR 
CHARACTERS 
 
 
INTRODUCTION 
The Oriental Magpie Robin (Copsychus saularis) and the White-rumped Shama 
(C. malabaricus) on Borneo are morphologically and genetically subdivided into eastern 
and western subspecies (Mees 1986, Mees 1996, Collar 2004, Sheldon et al. 2009c, Lim 
et al. 2010, Sangster et al. 2010). Presently, only an approximate understanding exists as 
to the extent and area of contact between subspecies of these two species. In both cases, it 
appears that the subspecific distributions in Borneo result from early Pleistocene division 
of the species into refugia in western Sundaland (Sumatra and the Malay Peninsula) and 
eastern Borneo and then subsequent reinvasion of Borneo from the western refugium 
(Sheldon et al. 2009c, Lim et al. 2010). Results of plumage and morphometric 
comparisons in Chapter 4 indicate that the Bornean subspecies of C. saularis, musicus in 
the west and adamsi in north Borneo (Sabah), form a broad cline that covers most of 
Sarawak and Sabah. The broadness and degree of intergradation could be due to opening 
of forested lands by humans and consequent rapid expansion of C. saularis from two 
directions (Sheldon et al. 2009c, Lim et al. 2010). Morphological comparisons of C. 
malabaricus in Chapter 4 revealed that the zone of contact between its two subspecies, 
suavis in the west and stricklandii in north Borneo, is extremely narrow and coincides 
closely with the Sabah-Sarawak border. Moreover, the location of the very few “hybrid” 
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individuals shows no zonal pattern. These findings contradicts to the idea that there is a 
substantial zone of hybridization between the two subspecies, at least in Malaysian 
Borneo (Davison 1999, Collar 2004, Lim et al. 2010). 
In Chapter Four, only morphological characters were compared to detect possible 
hybrid zones of Copsychus saularis and C. malabaricus subspecies. It would be 
interesting to determine the molecular genetic characteristics of the two contact zones as 
well, to see if genes exhibit the same patterns as morphology. To this end, in this chapter 
I have produced molecular data to compare with the morphological characters of Chapter 
4 in a more comprehensive analysis of the contact zones of both species in Malaysian 
Borneo. 
METHODS 
Sampling 
To obtain samples for the molecular component of this analysis, I conducted three 
collecting trips to Malaysian Borneo, in 2010, 2011, and 2012. My personal sampling 
was increased by specimens collected recently by LSU researchers in Sabah and Sarawak 
(e.g., Sheldon et al. 2009a). Unfortunately, I was not able to collect in Indonesia; thus, in 
this chapter I do not perform further investigations of the Kalimantan and Javan hybrid 
zones that were examined in Chapter 4. Also, I was not able to assemble as many tissue 
samples from as many places for molecular comparisons as were available for 
morphological comparisons. Thus, to investigate the contact zones of the two species, I 
focused my sampling on a few populations in and around the morphological contact 
zones, and designated reference populations of pure subspecies of C. saularis and C. 
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malabaricus based on samples collected well away from the zones. The reference sites 
were established based on mitochondrial DNA sequence characteristics. 
For this study, I relied on fast-evolving mitochondrial loci after trying various 
nuclear genes (i.e., TGFβ2-5, BRM15, and Myo2) and finding that they failed to provide 
adequate resolution for the hybrid comparisons. Other studies of Southeast Asian birds 
have also found that the commonly used nuclear genes are inadequate for investigating 
close relationships (Moyle et al. 2009, Lim and Sheldon 2011, Sheldon et al. 2012). 
Although mtDNA genes can occasionally cause misleading results (Carling and 
Brumfield 2008b, Harris et al. 2013), in general they are very useful for population 
studies (Barrowclough and Zink 2009). 
Morphological comparisons 
 The same plumage and morphometric characters were used in this chapter as in 
Chapter 4. However, fewer individuals were examined (as explained above). For C. 
saularis comparisons, 52 male and 31 female individuals were compared from selected 
populations in Sabah and Sarawak (Table 5.1; Figure 5.1). The specimens are listed in 
Appendix I\IV. As in Chapter 4, specimens of C. s. musicus from Kuching (1-1), 
Sarawak, and C. s. adamsi from Sandakan (1-8), Sabah, served as the western and eastern 
reference populations, respectively. For C. malabaricus, 52 male specimens from 
selected populations in Sabah and Sarawak were compared (Table 5.2; Figure 5.1). C. m. 
suavis from Kuching, Sarawak (2-9), and C. m. stricklandii from Banggi Island, Sabah 
(2-1), served as the western and eastern reference populations, respectively. 
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Table 5.1: Specimens of C. saularis used to examine the musicus-adamsi contact zone. 
Number code refers to sampling locality (transect-population). N is the number of 
individuals compared. Specimens from each locality are listed in Appendix IV.  
 
Code Locality Distance 
(km) 
N 
Molecular Morphometric Plumage 
Male & 
Female 
Male Female Male 
1-1 Sarawak: Kuching, 
1.425 ͦ N 110.346 ͦ E 
 
0 9 9 6 8 
1-2 Sarawak: Miri; Niah, 
3.905 ͦ N 113.734 ͦ E  
 
521 7 1 1 1 
1-3 Sarawak: Miri; Between 
Lambir and Baram, 
4.302 ͦ N 114.072 ͦ E 
 
521 6 9 3 8 
1-4 Sarawak: Lawas, 4.71 ͦ N 
115.5 ͦ E 
 
680 23 11 4 12 
1-5 Sabah: Beufort, 5.378 ͦ N 
115.663 ͦ E 
 
737 8 4 3 2 
1-6 Sabah: Between 
Penampang, Tambunan 
and Kota Kinabalu, 5.73 ͦ 
N 116.231 ͦ E 
 
811 3 13 9 15 
1-7 Sabah: Between Kota 
Belud and Ranau, 6.202 ͦ 
N 116.441 ͦ E 
 
861 13 2 3 7 
1-8 Sabah: Sandakan, 5.864 ͦ 
N 117.945 ͦ E  
 
979 2 3 2 2 
Total 71 52 31 55 
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Table 5.2: Male specimens of C. malabaricus used to examine the suavis-stricklandii 
contact zone. Number code refers to sampling locality (transect-population). N is number 
of individuals examined. Specimens from each locality are listed in Appendix V.  
 
Code Locality 
Distance (km) 
N 
Molecular 
(males 
only) 
Morphom. Plumage 
2-1 Sabah: Banggi Island, 
9.206 ͦ N 117.120 ͦ E 
 
0 5 7 7 
2-2 Sabah: Ranau, 6.382 ͦ N 
116.627 ͦ E 
 
107 3 4 4 
2-3 Sabah: Tenom, 4.708 ͦ 
N 115.92 ͦ E 
 
309 1 2 3 
2-4 Sabah: Tawau, 4.495 ͦ 
N 117.878 ͦ E 
 
313 2 8 8 
2-5 Sarawak: Lawas, 4.622 ͦ 
N 115.478 ͦ E 
 
340 2 7 7 
2-6 Between Brunei and 
Sarawak: Limbang, 
4.749 ͦ N 114.998 ͦ E 
 
362 1 8 8 
2-7 Sarawak: Miri, 4.083 ͦ 
N 114.169 ͦ E 
 
477 2 5 4 
2-8 Sarawak: Bintulu, 
Tatau 2.907 ͦ N 
112.683 ͦ E 
 
686 1 1 1 
2-9 Sarawak: Kuching, 
1.624 ͦ N 110.314 ͦ E 
 
978 1 10 10 
Total 17 52 52 
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Figure 5.1: Populations of C. saularis (white circles) and C. malabaricus (blue squares) 
in Borneo used in molecular and morphological comparisons. These sites were 
designated according to availability of specimen data. Numbers represent transect and 
population numbers (refer Table 5.1 and 5.2). 
 
Molecular comparisons 
For molecular cline analysis, 71 vouchered Copsychus saularis specimens from 
eight populations (Table 5.1) and 17 C. malabaricus from nine populations in Malaysia 
Borneo (Table 5.2) were compared. Specimens and tissues are stored at the Zoology 
Department, Universiti Malaysia Sarawak, Malaysia, and the Museum of Natural 
Science, Louisiana State University, USA. Genomic DNA was extracted from blood and 
muscle tissues using DNeasy blood and tissue kits (Qiagen, Valencia, CA, USA). Two 
pairs of primers (Table 5.3) were used to amplify complete sequences of the second 
subunits of NADH dehydrogenase genes (ND2) and part of the cytochrome c oxidase 
subunit I (COI). PCR’s were run using the following thermal-cycling profile: initial 
denaturation at 95oC for 10 min, followed by 40 cycles of denaturation at 95oC for 30 s, 
annealing at a locus-specific temperature for each primer for 45 s (Table 5.3), extension 
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at 72oC for 2 min, and a final extension at 72oC for 10 min. Sequencing was performed 
using a Big-Dye* Terminator kit vers. 3.1 and an ABI PRISM 3730xl Beckman Coulter 
Genomics sequencer, Danver, Massachusetts. Sequences were edited and aligned using 
Sequencher ver. 4.7. 
COI and ND2 sequences were concatenated and haplotype summary data for each 
sequence-type were generated using DnaSP ver. 5 (Librado and Rozas 2009). Minimum 
Spanning Tree (MST) were generated in ARLEQUIN ver. 3.5.1.2 (Excoffier et al. 2005). 
MSTs were viewed and edited using HapStar ver. 0.7 (Teacher and Griffiths 2011). 
Table 5.3. Primers used in this study. 
Gene Primer Sequences References  Annealing 
Temperature  
ND2 L5215  TATCGGGCCCATACCCCGAAAAT Hackett 
(1996) 
49-50˚C 
H6313  CTCTTATTTAAGGCTTTGAAGGC Johnson and 
Sorenson 
(1998) 
COI PasserF1 CCAACCACAAAGACATCGGAACC Lohman et 
al. (2009) 
58 ˚C 
 PasserR1 GTAAACTTCTGGGTGACCAAAGAATC Lohman et 
al. (2009) 
 
 
Hybrid zone analyses 
I analyzed clines using the HZAR software package (Derryberry et al. 2013). The 
morphometric and plumage data were prepared for HZAR as outlined in Chapter 4. 
Molecular data did not require transformation for use in HZAR, as they were already in 
the population frequencies of haplotypes. As in Chapter 4, I fit the 15 cline models to 
hybrid index frequency scores of all three data types. To determine whether parameters 
agreed among clines fitted with the different data types, 95% credible intervals for each 
parameter were computed from the posterior distribution of each model. I used two log-
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likelihood-score confidence intervals to assess differences between estimated cline and 
width parameters (Edwards 1992). If the confidence intervals did not overlap, the 
parameters were considered significantly different. 
Coalescent analyses 
I used the program Isolation with Migration Analytic (IMa; Hey and Nielsen 
2004, Hey and Nielsen 2007) to estimate six demographic parameters describing the 
population genetic history of the C. malabaricus subspecies in Malaysian Borneo: 
effective population size (Ɵ1, Ɵ 2, ƟA), divergence time (t), and migration rate (m1, and 
m2). C. saularis was omitted from this analysis, because IMa requires two clearly defined 
populations, and C. saularis did not fit this criterion. The approximate mutation rate of 
ND2 (below) was applied so that IMa would produce results in demographic units (Smith 
and Klicka 2010) for the divergence time (T), effective population sizes of C. m. suavis 
(Nb), C. m. stricklandii (Nw) and their (NA), and the introgression rate from C. m. suavis 
to stricklandii (Mw>b), and the introgression rate from C. m. strinklandii to suavis (Mb>w). 
Initially, I ran IMa using the HKY finite substitution model, 2 x 10-6 burnin steps, and the 
ND2 rate of 1.25 x 10-8 substitutions/site/year (Smith and Klicka 2010) untillthe runs 
reached convergence (ESS for t > 50) (Won and Hey 2005). Then, I used the adjusted 
prior parameters in three replicate “final” analyses that differed in starting random seed 
number, following Carling and Brumfield (2008a). The adjusted priors were qw= qb= 15, 
t= 4.2, mw>b= 0.6, mb>w= 0.2, and generations, u= 5 years per generation. I conducted 
each run for 1 x 109 steps following the burnin. The ancestral population size qA was set 
to zero because the subspecies were reciprocally monophyletic. 
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RESULTS 
Morphological Variation, Molecular Analyses and Cline Shape of C. malabaricus 
Morphological analyses of Copsychus malabaricus 
The crown pattern of adult male of C. malabaricus showed the same clear, sharp 
transition between subspecies suavis and stricklandii near the Sabah border as in Figure 
4.6. The simplest cline Model IA (Pmin= 0, Pmax= 1, no tails) provided the best 
explanation of this pattern (Table 5.4). The crown-pattern transition centered about 322 
km from the reference parental population of stricklandii on Banggi Island (2-1) and had 
an estimated width of ca. 18 km (Table 5.4; Figure 5.3.1). 
Table 5.4: Selected models and estimated parameters for C. malabaricus clines. Two-unit 
log likelihood confidence intervals for the center (c) and width (w) are presented in 
parentheses.  
 
Dataset N Model c (km from the pure 
parental reference) 
w (km) dR tR Pmix Pmax 
 
 
Crown pattern 52 IA 322 (314-333) 18 (5 – 43) 1 0 0 1 
Molecular 18 IA 340 (305-391) 6 (0.1-286) 1 0 0 1 
 
In the morphometric analysis, the first three PC axes accounted for 66% of the 
variance in the morphometric data (Table 5.5). PC 1 explained 25% of the total variance, 
PC 2 21% and PC 3 20% (Table 5.5). All five characters had positive loadings on PC 1, 
and PC 1 was positively correlated with wing length and tail length. For PC 2, all 
character had positive loadings except wing length, and PC 2 was positively correlated 
with bill height. ANOVA of PC 1 showed no significant difference between the two 
subspecies (F= 0.1, p= 0.33), and neither did ANOVA of all characters between the two 
reference populations (bill length F= 008, p= 0.778; bill height F= 0.933, p= 0.350; wing 
length F= 0.101, p= 0.754; tail length F= 0.787, p= 0.390; tarsus length F= 0.456, p= 
0.511). Thus no cline analysis was performed using morphometric data. 
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Table 5.5: Correlation between morphometric measurements and the first three principal 
components from a PCA of the average of five measurements for male C. malabaricus. 
 
Characters PC1 PC2 PC3 
Bill length 0.03 0.11 0.17 
Bill height 0.07 0.97 0.03 
Wing length 0.90 -0.04 -0.06 
Tail length 0.64 0.28 0.30 
Tarsus length 0.05 0.03 0.95 
Eigenvalue 1.23 1.03 1.02 
Proportion variance 0.25 0.21 0.20 
Cumulative variance 0.25 0.45 0.66 
 
Molecular analyses of Copsychus malabaricus 
In all, 1176 bases of 17 C. malabaricus individuals from nine populations were 
sequenced: 540 nucleotides of COI and 636 of ND2. Variable and parsimony informative 
sites for each sequence type, respectively, were: COI 21 and 17, and ND2 22 and 17. COI 
and ND2 distances are shown in Table 5.6. Uncorrected pairwise proportional ND2 
distances among populations steadily progressed in size from the reference on Banggi 
Island to a maximum of less than 3%. However, for COI, some population pairs were 
estimated at ca. 3%. 
ARLEQUIN located 10 haplotypes (abbreviated Hap) from the 18 individuals of 
C. malabaricus, relatively for the most parts, the haplotypes were distributed according to 
geopgraphic positions: Miri (2-7)-Lawas (2-5)-Tatau (2-8) (southwest side of the hybrid 
zone) shared three, Banggi (2-1)-Ranau (2-2) one, and Banggi (2-1)-Tenom (2-3) four 
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(Table 5.7). Minimum spanning trees of the concatenated sequences (Figure 5.2) showed 
two groups based on geographic positions. One logical grouping/division was Lawas-
Tenom (2-3)-Ranau (2-2)-Banggi (2-1), which joined individuals from the western 
Sabah-Sarawak border to northernmost Sabah; they were separated from the nearest 
haplotype, in Miri (2-7) (just southwest of Sabah), by 30 nucleotide changes. Another 
logical grouping was Kuching (2-9)-Tatau (2-8)-Miri (2-7)-Limbang (2-6) joining 
western and central Sarawak. One particularly interesting case was an individual from 
Tenom, Sabah, had a black cap (as in suavis) but exhibited the same haplotype as white-
capped individuals from Banggi in eastern Sabah. 
Table 5.6: Averaged uncorrected COI distances (below diagonal) and ND2 distances 
(above diagonal) among the C. malabaricus populations. 
 
 
 
 
Population 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 
2-1 - 0.001 0.001 0.001 0.016 0.026 0.026 0.026 0.026 
2-2 0.001 - 0.001 0.001 0.016 0.026 0.026 0.026 0.026 
2-3 0.001 0.002 - 0.000 0.016 0.025 0.025 0.025 0.025 
2-4 0.004 0.004 0.006 - 0.016 0.025 0.024 0.025 0.025 
2-5 0.016 0.015 0.017 0.017 - 0.016 0.014 0.014 0.014 
2-6 0.032 0.031 0.033 0.031 0.018 - 0.003 0.003 0.003 
2-7 0.029 0.029 0.031 0.027 0.015 0.005 - 0.000 0.000 
2-8 0.029 0.028 0.030 0.028 0.014 0.004 0.001 - 0.000 
2-9 0.032 0.031 0.033 0.031 0.018 0.007 0.005 0.004 - 
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Table 5.7: Number of haplotypes in each population of C. malabaricus. 
Population  n Hap 
1 
Hap 
2 
Hap 
3 
Hap 
4 
Hap 
5 
Hap 
6 
Hap 
7 
Hap 
8 
Hap  
9 
Hap  
10 
Hap 
11 
Hap 
12 
 
2-1 5 1 1   1 1       
2-2 2 1 1           
2-3 1 1            
2-4 1       1      
2-5 2    1       1  
2-6 1         1    
2-7 2    1      1   
2-8 1   1          
2-9 1            1 
 
n = number of individuals, Hap = a private haplotype, Populations refer to Table 5.2.  
 
 HZAR analysis of molecular characters indicated that the cline fit with Model IA 
(Pmin= 0 and Pmax= 0.1, no tails; Table 5.4) had a narrow transition (width 6 km) and 
was centered about 340 km from Banggi, Sabah (Table 5.4; Figure 5.3.2). In this respect, 
the cline transition corresponds well with the cline of plumage color (centered at 322 
km), although the plumage cline is a bit wider. 
 In the coalescent analysis using ND2, time since divergence of C. malabaricus 
was found to be ca. 180, 000 years before present, with a wide confidence interval 
between ca. 94, 000 and 530, 000 (Figure 5.4). The effective population size of 
subspecies stricklandii was ca. 26,000 individuals with a confidence interval was 
between ca. 5,000 and 11,000. For subspecies suavis, the effective population size was 
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ca. 68,000 with a confidence interval was between ca. 20, 000 and 232, 000. The 
maximum introgression rate from subspecies stricklandii to suavis was 0.02 migrants per 
1000 generations with a confidence interval between 0.005 and 0.024; while the 
maximum introgression rate from subspecies suavis to stricklandii was 0.004 with a 
confidence interval was between 0 and 0.008. 
 
Figure 5.2: Minimum spanning tree of concatenated genes of C. malabaricus. Each circle 
represents a haplotype (Table 5.7). Circle size is proportional to haplotype frequency. 
Numbers next to branches indicate nucleotide substitutions. Colors indicate the nine 
sampled populations. Refer transect-poplutaions numbers in Table 5.2. 
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Figure 5.3: C. malabaricus stricklandii-suavis clines fitted with HZAR, with distances to 
populations measured in km from Banggi Island, Sabah: (1) crown color and (2) 
molecular data (concatenated COI and ND2). Crosses indicate observed frequencies of 
alleles at collection localities, black lines represent maximum likelihood cline for each 
selected model, and gray shaded areas are the 95% credible cline region. 
 
 
Figure 5.4: Probability distribution of time since divergence estimated using ND2 
sequences analyzed with IMa (Hey and Nielsen 2007). 
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Morphological analyses of C. saularis 
 HZAR analysis of C. saularis plumage HIS indicated that Model IIA (Pmin= 
observed minimum frequency and Pmax= observed maximum frequency, no tails) best 
fits the plumage color characteristics (Table 5.8). The HIS cline showed a smooth 
transition which was centered about 453 km from Kuching, Sarawak, and was 421 km 
wide (Table 5.8). 
In the PCA of C. saularis male morphometric data, the first three axes of 
individuals accounted for 68% of the variance (Table 5.9). PC 1 explained 23% of the 
total variance, PC 2 22% and PC 3 22% (Table 5.9). All five characters had positive 
loadings on PC 1 except bill height, and PC 1 was positively correlated with tail length 
and tarsus length. For PC 2, tarsus length had a negative loading, but all characters were 
positive. PC 2 was positively correlated with bill length. ANOVA of PC 1 showed no 
significant difference between parental populations (F= 0.26, p= 0.62), and hence the 
combined characters of PC 1 were omitted from the cline analysis. Also, ANOVA of all 
male characters did not show any significant differences between parental populations 
(bill length F= 0.032, p= 0.859; bill height F= 1.537, p=0.243; wing length F= 3.739, p= 
0.075; tail length F= 1.626, p= 0.225; tarsus length F= 2.431, p= 0.143) (Table 5.10), 
hence no cline analysis was performed using the morphometric data. 
 In the PCA of female C. saularis morphometric data, the first three PCA axes 
accounted for 68% of the variance (Table 5.11). PC 1 explained 27% of the total 
variance, the PC 2 21% and PC 3 20% (Table 5.11). All five characters had positive 
loadings on PC 1 except tail length, and PC 1 was positively correlated with bill height 
and length. For PC 2, bill height had a negative loading, but all characters were positive. 
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PC 2 was positively correlated with tail length. ANOVA of PC 1 showed no significant 
differences between parental populations (F= 5.5 x 10-5, p= 0.994), and hence PC 1 was 
omitted from the cline analysis. However, ANOVA of female tarsus length indicated a 
significant difference between parental populations (F= 7.26, p= 0.04), while the rest 
characters showed no significant differences (bill length F= 6.27, p= 0.046; bill height F= 
0.54, p= 0.49; wing length F= 0.33, p= 0.59; tail length F= 2.43, p= 0.17) (Table 5.12). 
Thus, tarsus length data were used to investigate cline shape. HZAR selected Model IC 
(Pmin= 0, Pmax= 1, right exponential tail) to fit tarsus length, and the generated cline 
(Figure 5.5.2) was centered about 351 km from Kuching (Table 5.8), about 100 km to the 
west of the male plumage cline (453 km; Table 5.8). The width of this transition was 
narrower (173 km; Table 5.8) than in the plumage cline (421 km). 
Molecular analysis of Copsychus saularis 
In all, 1041 bases of 71 individuals of C. saularis of both sexes from eight 
populations were sequenced: 522 of COI, and 519 of ND2. Variable and parsimony 
informative sites for each sequence type, respectively, were: 69 and 14 for COI, 15 and 
14 for ND2. COI and ND2 distances are shown in Table 5.13. Uncorrected pairwise 
proportional distances among populations were ca. 1-2%. 
ARLEQUIN identified 15 haplotypes from the 71 individuals of C. saularis 
(Table 5.14). In general, the haplotype pattern was much more complex than for C. 
malabaricus. MST analysis (Figure 5.6) showed that several haplotypes were shared 
between Sabah and Sarawak populations. The two reference populations had haplotypes 
more similar to one another than to many intervening populations. 
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HZAR analysis indicated that Model IIA (Pmin= 0 and Pmax= 1, no tails; Table 
5.8) provided the best fit for the molecular characters. The cline (Figure 5.5.3) had a wide 
transition (ca. 425 km) and was centered about 374 km from Kuching (1-1), Sarawak, 
between the plumage (351 km) and morphometric (453 km) centers. 
Table 5.8: Selected models and estimated parameters of morphological clines of male and 
female C. saularis musicus and C. s. adamsi. Two-unit log likelihood confidence 
intervals for the center (c) and width (w) are presented in parentheses. HIS is the hybrid 
index score for all five plumage color characters. 
 
Dataset N Model c (km from the pure 
parental reference) 
w (km) dR tR Pmix Pmax 
 
 
HIS male 55 IIA 453 (257-562) 421 (217-834) 1 0 0 1 
Tarsus length 
female 
 
31 IIB 351 (25-576) 173 (14-950) 32.6 0.0 0 1 
Molecular female 
and male 
 
71 IIA 374 (189-495) 425 (225-765) 1 0 0 1 
 
Table 5.9: Correlation between morphometric measurements and the first three principal 
components from a PCA of the average of five measurements from male C. saularis in 
Sabah and Sarawak. 
 
Characters PC1 PC2 PC3 
Bill length 0.22 0.84 0.23 
Bill height -0.05 0.08 0.00 
Wing length 0.10 0.10 0.96 
Tail length 0.93 0.12 0.07 
Tarsus length 0.50 -0.61 0.34 
Eigenvalue 1.71 1.12 1.09 
Proportion variance 0.23 0.22 0.22 
Cumulative variance 0.23 0.46 0.68 
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Table 5.10: Results of the ANOVA comparing the males of subspecies C. saularis 
musicus and C. s. adamsi. Significant values (p<0.05) are in bold. All measurements are 
in millimeters. 
  
 1-1 1-8 
F-value p-value 
Character Mean SD Mean SD 
Bill length 15.31 0.9 15.42 1.27 0.032 0.859 
Bill height 6,51 0.40 6.19 0.31 1.537 0.243 
Wing length 106.73 3.95 111 3.16 3.739 0.075 
Tail length 93.82 8.22 102.75 19.96 1.626 0.225 
Tarsus length 29.29 1.21 30.49 1.62 2.431 0.143 
 
Table 5.11: Correlation between morphometric measurements and PC1 of a PCA of the 
average of five measurements of female of C. saularis in Sabah-Sarawak, Malaysia.  
 
Characters PC1 PC2 PC3 
Bill length 0.87 0.11 0.18 
Bill height 0.75 -0.27 -0.10 
Wing length 0.11 0.06 0.01 
Tail length -0.07 0.97 0.06 
Tarsus length 0.07 0.06 0.99 
Eigenvalue 1.33 1.04 1.02 
Proportion variance 0.27 0.21 0.2 
Cumulative variance 0.27 0.47 0.68 
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Table 5.12: Results of the ANOVA comparing females of subspecies C. saularis musicus 
and C. s. adamsi. Significant values (p<0.05) are in bold. All measurements are in 
millimeters.  
 
 1-1 1-8 
F-value p-value 
Character Mean SD Mean SD 
Bill length 14.51 0.36 15.18 0.01 6.27 0.05 
Bill height 6.42 0.47 6.15 0.23 0.54 0.49 
Wing length 99.17 4.99 101.50 4.95 0.33 0.59 
Tail length 87.83 4.45 93 0 2.43 0.17 
Tarsus length 28.66 0.50 31.07 2.45 7.26 0.04 
 
Table 5.13: Averaged uncorrected COI distances (lower left) and ND2 distances (upper 
right) among C. saularis populations. 
 
Population 1-1 1-2 1-3 1-4 1-5 1-6 1-7 
 
1-8 
1-1 - 0.013 0.013 0.013 0.013 0.011 0.013 0.012 
1-2 0.017 - 0.007 0.008 0.009 0.008 0.007 0.010 
1-3 0.018 0.008 - 0.006 0.009 0.007 0.005 0.010 
1-4 0.023 0.012 0.010 - 0.010 0.008 0.006 0.010 
1-5 0.014 0.010 0.010 0.014 - 0.010 0.009 0.008 
1-6 0.015 0.010 0.009 0.013 0.011 - 0.007 0.010 
1-7 0.020 0.007 0.005 0.009 0.009 0.008 - 0.010 
1-8 0.010 0.016 0.018 0.021 0.011 0.017 0.018 - 
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Table 5.14: Number of haplotypes for each population of C. saularis. 
Population  n Hap 
1 
Hap 
2 
Hap 
3 
Hap 
4 
Hap 
5 
Hap 
6 
Hap 
7 
Hap 
8 
Hap  
9 
Hap  
10 
Hap 
11 
Hap 
12 
Hap 
13 
Hap 
14 
Hap 
15 
 
1-1 9  8 1             
1-2 7 3   1  1     1 1    
1-3 6   1  5           
1-4 24 16 1  2  1 1 2       1 
1-5 7 2   2  1  1      1  
1-6 3 1  1          1   
1-7 13 9    1 2   1       
1-8 2          2      
 
n = number of individuals, Hap = private haplotype, transition-population codes provided in Table 5.1. 
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Figure 5.5: Clines of C. saularis musicus and C. s. adamsi, with distances to populations 
measured in km from Kuching (1-1), Sarawak: 1) male plumage, 2) female tarsus length, 
and 3) molecular data (concatenated COI and ND2). Crosses indicate frequencies at 
collecting localities, black lines represent the maximum likelihood clines for each 
selected model, and gray shaded areas are the 95% credible cline region. 
 
 
Figure 5.6: Minimum spanning tree of concatenated genes of C. saularis. Each circle 
represents a haplotype (Table 5.13). Circle sizes are proportional to haplotype 
frequencies. Colors indicate the nine sampled populations. Numbers next to branches 
indicate number of substitutions. 
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DISCUSSION 
 The morphological comparisons of Copsychus malabaricus and C. saularis in this 
chapter and Chapter 4 suggest two different evolutionary histories, which lead to two 
different taxonomic conclusions. The subspecies of C. malabaricus are clearly 
differentiated in Malaysian Borneo, with the black-crowned subspecies suavis to the 
southwest and the white-crowned subspecies stricklandii to the northeast. Occasionally, a 
black-crowned bird has entered Sabah from Sarawak and vice versa (i.e. they moved 
crossing the Sabah-Sarawak border). What appeared to be hybrids in Sabah, because of 
their mottled black and white crown feathers, are distributed so that no clear pattern of a 
hybrid zone emerges (Figure 4.6). The two subspecies appear to constitute two distinct 
species (Mees 1996, Davison 1999, Smythies 1999, Mann 2008). In C. saularis, the 
opposite seemed to be the case. The long gradual zone of mixing suggested a single 
species by virtue of extensive introgression (Figure 5.5). 
 The molecular comparisons of this chapter are fairly consistent with the 
morphological patterns. The mtDNA allele frequency distribution and fitted cline for C. 
malabaricus (Fig. 5.3.2) clearly indicates a zone of contact where the frequencies form a 
marked vertical contact line (at 300-400 km from the reference population on Banggi 
Island, Sabah), suggesting rapid turn-over near Sabah-Sarawak border. This vertical line 
corresponds remarkably well with the plumage contact zone (Figure 5.3.1). In addition, 
the small introgression rates from C. malabaricus to C stricklandii and vice versa indicate 
relatively little mixing in mitochondrial DNA across the contact zone (Table 5.4). 
Interestingly, coalescence analysis indicated that the two taxa diverged at about the time 
of the penultimate maximum (ca. 180, 000 years ago). However, the wide confidence 
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value around this time estimate makes it difficult to assign the vicariance of C. 
malabaricus specifically to the penultimate glacial event. In any event, the vicariance of 
C. malabaricus is much more recent than the >1 Ma suggested by simple multiplication 
of the uncorrected ND2 divergence value (ca. 2.6%) by the common mtDNA rate 
(>2%/Ma). 
 Figure 5.5.3 showing the mtDNA gene frequency distribution of C. saularis 
across Malaysian Borneo contrasts nicely with the molecular plot for C. malabaricus. 
Instead of showing a vertical transition, the frequencies lie in a horizontal arrangement at 
about 50% across the expected hybrid zone (about 700 km east of Kuching). This 
arrangement suggests a fair amount of mixing between the subspecies, as was evident in 
the morphological analyses of Chapter 4. Unfortunately, a lack of sampling across much 
of the remainder of Sabah and especially Sarawak reduces the perspective of this plot. 
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CHAPTER 6 
SUMMARY: GENERAL PATTERNS OF DIVERSIFICATION OF 
LOWLAND AND MONTANE BIRDS IN BORNEO 
 
To understand the evolutionary processes responsible for bird diversification on 
Borneo, and to a lesser extent Java, I studied the morphological and genetic variation in 
three bird species, Mountain Black-eye (Chlorocharis emiliae), Oriental Magpie Robin 
(Copsychus saularis) and White-rumped Shama (C. malabaricus). These comparisons 
indicated that each species has different population dynamics. Chlorocharis is an 
endemic montane bird whose populations on Bornean mountain peaks have remained 
largely differentiated over the Pleistocene, even though these populations probably 
experienced numerous opportunities during glacial events to come together and 
interbreed. Evidence from this dissertation supports the tradition taxonomic division of 
Chlorocharis into at least three subspecies. C. malabaricus, a widespread lowland forest 
species, is divided into two taxa on Borneo based on distinct plumages. These taxa meet 
near the Sabah-Sarawak border and appear, for the most part, not to hybridize. Based on 
this evidence, they should be treated as distinct species. However, the interactions of the 
two taxa in northeast Kalimantan, an area separated from my study sites by high 
mountains, may differ from those in Malaysian Borneo. The zone of contact is larger in 
northern Kalimantan and the existence of a white-headed taxon on Maratua Island 
together suggest the possibility of a different evolutionary dynamic in that part of Borneo. 
C. saularis, a lowland species found in more open, unforested areas, has long been 
thought to constitute a single species, even though there are three subspecies on 
Borneo.My work has shown that there is indeed extensive hybridization in C. saularis. 
Indeed, it is difficult to find pure individuals of any of the eastern subspecies (adamsi and 
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pluto) and much intermixing occurs across most of Sabah and Sarawak. Thus, its 
designation as a single species has been supported. 
In terms of the diversification of Bornean birds, perhaps the most important 
discovery of my study is that the montane Chlorocharis populations are subdivided in a 
manner very similar to the lowland Copsychus species, i.e., there is a substantial genetic 
difference between the populations in Sabah versus those in other parts of Borneo. The 
division of Chlorocharis into Sabah and Sarawak groups raises interesting issues 
concerning the biogeographic history of Bornean birds as a whole. From work on 
lowland taxa (Lim et al. 2010, Lim et al. 2011, Lim and Sheldon 2011) and preliminary 
studies of montane populations (Moyle et al. 2005, Moyle et al. 2011), researchers at 
LSU, the University of Kansas, and the University of Malaysia Sarawak have been 
developing models to explain passerine evolution on Borneo. Many lowland species, 
besides C. malabaricus and C. saularis, are divided morphologically and genetically 
between north Borneo and the rest of the island (approximately in accordance with the 
Sabah border). Some well-known examples are the falconets (Microhierax fringillarius 
vs. M. latifrons), Yellow-bellied Bulbul (Alophoixus phaeocephalus diardi vs. A. p. 
connectens), Bold-striped Tit-Babbler (Macronus bornensis bornenis vs. M. b. 
montanus), and Short-tailed Babbler (Malacocincla malaccensis poliogenis vs. M. m. 
sordida) (Sheldon et al. 2009c, Lim et al. 2010, Lim et al. 2011, Irham et al. 2012). 
Substantial evidence indicates that lowland bird populations were subdivided, 
presumably during one or more glacial periods, into forest refugia in western Sundaland 
and eastern Borneo, as were other groups of Sundaic organisms (e.g., Brandon-Jones 
1998, Thomas 2000, Gathorne-Hardy et al. 2002, Gorog et al. 2004, Bänfer et al. 2006, 
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Iwanaga et al. 2012, Ohtani et al. 2013). This subdivision would have occurred as 
lowland forest retreated or shifted position and montane forest expanded and dominated 
central Borneo. The refugia responsible for division of lowland birds in Borneo must 
have been in place long before the LGM, given substantial genetic divergence between 
eastern and western populations, i.e., >2% for mitochondrial coding genes (Lim et al. 
2010, Lim et al. 2011; this thesis). These divergence values agree reasonably well with 
the division of dipterocarps into eastern and western groups in the mid-Pleistocene 
(Iwanaga et al. 2012, Ohtani et al. 2013). Subsequent to glacial periods, when lowland 
forest reoccupied central Borneo (Cannon et al. 2009), populations of birds from the 
eastern and western lowland refugia would have expanded along with lowland forest 
habitat and come into contact. Currently, the main zone of contact is near the Sabah 
border, but it may well be dynamic, moving either east or west, and north or south. Also, 
different contact zones may exist for taxa that inhabited refugia of different ages or 
distributions, as may be the case with C. malabaricus in northeastern Kalimantan. 
In contrast to this scenario of isolation into lowland forest refugia during glacial 
periods and expansion and secondary contact during interglacials, montane species are 
expected to exhibit a different biogeographic pattern. Rather than being pushed into 
refugia during glacial periods, montane species should instead have experienced 
population expansion due to expansion of montane forest habitat to lower elevations 
because of lowered temperatures. This prediction, however, is contradicted by 
Chlorocharis phylogeography. Chlorocharis is divided in a similar way as lowland 
species, into Sarawak and Sabah groups, and these groups are about 2% divergent from 
one another. Moreover, this phylogeographic break is probably not unique to 
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Chlorocharis among montane passerines. Several other Bornean montane species 
are divided morphologically between Sabah and the rest of Borneo: e.g., 
Ochraceous Bulbul (Alophoixus ochraceus ruficrissus vs. A. o. fowleri), 
Temminck’s Babbler (Pellorneum pyrrogenys canicapillus vs. P. p. erythrote & 
longstaffi), Grey-throated Babbler (Stachyris nigriceps borneensis vs. S. n. 
hartleyi), and Chestnut-hooded Laughingthrush (Garrulax treacheri treacheri vs. 
damnatus & griswoldi). Moreover, phylogeographic studies of two montane tree 
taxa, Lithocarpus and Trigonobalanus (Kamiya et al. 2002, Cannon and Manos 
2003), found a similar genetic division between Mt. Kinabalu and the Kelabit 
Highlands (adjacent to Murud and the Tama Abo Range in Sarawak where 
Chlorocharis occurs). 
 Why Borneo’s montane and lowland bird species are subdivided in the same way 
is not known. To discover the reason will require substantial improvement in two lines of 
research. First, paleo-climatic and vegetation modeling must address geologic events 
earlier than the last glacial maximum. Based on genetic divergence values in a wide 
variety of studies (e.g., Gorog et al. 2004, den Tex et al. 2010, Ohtani et al. 2013), the 
timescale of Borneo’s avifaunal division much older than the LGM, perhaps closer to one 
million years than 10,000 years. Thus, models explaining geography at the LGM, 
although extremely helpful in indicating what may happen to habitats during glacial 
cycles, may not apply to the mid- or early Pleistocene. Moreover, further paleontological 
study is required to improve baseline data used in paleo-habitat reconstruction. For 
example, Morley (2000: 210) stressed the difficulty in determining lapse rate (rate of 
forest movement with temperature change) in lower versus higher mountains, noting a 
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variety of factors that may confound the estimation, including edaphic effects and 
changes in ultraviolet radiation. In recognition of this uncertainty, Cannon et al. (2009) 
offered four scenarios of forest distribution in the LGM depending on the interaction of 
model parameters. Thus, more paleontological information on the paleo-distributions of 
forests, e.g., from palynological data, would help tremendously in formulating models. 
Second, more genetic studies are needed. From just a few sets of comparisons among 
lowland and montane birds, researchers have confirmed two distinct genetic patterns: 
division between Sabah and Sarawak populations in both the lowlands and the mountains 
(this thesis), and replacement of lowland species at higher elevation by cryptic montane 
congeners, e.g., in Collocalia swiftlets, forktails, and gray spiderhunters (Moyle et al. 
2005, Moyle et al. 2008, Moyle et al. 2011). Undoubtedly, more phylogeographic studies 
will uncover more such patterns. 
 My future research will emphasize the latter route. I plan to sample C. 
malabaricus and C. saularis populations in Borneo more thoroughly. I especially need to 
collect in various parts of Kalimantan to complement my studies in Malaysian Borneo. I 
am also currently working on a project examining the genetic relationships of the 
Maratua shama, C. m. barbouri. I am also collaborating with LSU researchers on next 
generation sequencing analyses of Chlorocharis and the Copsychus hybrid/contact zone 
to obtain a better understanding of gene flow and population histories. 
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APPENDIX I 
Type localities of subspecies of Copsychus saularis, Copsychus stricklandii and 
Copsychus malabaricus.  
 
Copsychus saularis 
Subspecies Type-locality 
Copsychus saularis musicus Lanius musicus Raffles, 1822, Trans. Linn. Soc. 
London, 13, p. 307- Bencoolen, West Sumatra 
  
Copsychus saularis ephalus Oberholser, 1923, Smiths. 
Misc. Coll., 76 (6), p. 2- Tarussan Bay, northwestern 
Sumatra 
 
Copsychus saularis nesiotes Oberholser, 1923, Smiths. 
Misc. Coll., 76 (6), p. 3- Tanjong Bedaan, Banka 
Island, southeastern Sumatra.  
 
Copsychus saularis javensis Chasen and Kloss, 1930, 
Bull. Raffles Mus., 4 pp. 87:89- Wynkoops Bay, 
southwest Java 
 
Copsychus saularis amoenus Turdus amoenus Horsfield, 1821, Trans. Linn. Soc. 
London, 13, p. 147- Java [=East Java, vide Sharpe, 
1883, Cat. Birds Brit. Mus., 7, p. 63] 
 
Copsychus saularis adamsi Copsychus niger Wardlaw Ramsay, 1886, Proc. Zool. 
Soc. London, p. 123- Sandakan, North Borneo, nec  
 
Kittacincla nigra Sharpe, 1877 
 
Copsychus adamsi Elliot, 1890, Auk, 7, p. 348- 
Sandakan 
 
Copsychus saularis ater Delacour, 1945, Zoologica, 30, 
p. 112, new name for C. niger Wardlaw Ramsay 
 
Copsychus saularis pluto Copsychus (Turdus) pluto Bonaparte, 1851, Consp. 
Av., 1 (1850), p. 267- ex Borneo [=neighborhood of 
Samarinda, vide Chasen and Kloss, 1930, Bull. Raffles 
Mus., 4, p. 90] 
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Copsychus malabaricus 
Subspecies Type-locality 
Copsychus malabaricus Copsychus suavis Sclater, 1861, Proc. Zool. Soc. 
London, p. 185- Banjermassing, Southern Borneo 
Kittacincla malabarica zaphotina Oberholser, 1923, 
Smiths. Misc. Coll., 76 (6), p. 6- central Borneo 
 
Copsychus stricklandii Copsychus stricklandii stricklandii Motley and 
Dillwyn, 1855, Nat. Hist. Labuan, p. 20, pl. 4- Labuan 
Island  
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APPENDIX II 
Hybrid index for male belly color of C. saularis in Borneo and Java. Descriptions are 
based on the correlation between modified Munsell Notation and Palmer Names (Smithe 
1975).  
 
Description 
 
Score 
Black / between black and blackish gray 
 
0 
Black / between black and blackish gray; blackish gray  
 
0 
Black/ between black and blackish gray; between blackish gray and dark gray 
 
0 
Between black and blackish gray; blackish gray; between blackish gray and dark gray 
 
0 
Between black and blackish gray; between blackish gray and dark gray; medium gray 
 
0 
Between black and blackish gray; between dark gray and medium gray 
 
0 
Blackish gray 
 
0 
Blackish gray; between blackish gray and dark gray 
 
0 
Blackish gray; dark gray 
 
0 
Between black and blackish gray; blackish gray; between blackish gray and dark gray; 
between medium gray and light gray 
 
1 
Between black and blackish gray; blackish gray; between light gray to pale gray 
 
1 
Between black and blackish gray; blackish gray; between medium gray and light gray 
 
1 
Between black and blackish gray; blackish gray; between medium gray and dark gray; 
between light gray to pale gray 
 
1 
Between black and blackish gray; blackish gray; pale gray 
 
1 
Between black and blackish gray; between blackish gray and dark gray; between light 
gray to pale gray; pale gray 
 
1 
Between black and blackish gray; dark gray; between light gray to pale gray 
 
1 
Between black and blackish gray; medium gray; pale gray 
 
1 
159 
Description 
 
Score 
 
Between black and blackish gray; between medium gray and light gray 
 
1 
Between black and blackish gray; between light gray to pale gray 
 
1 
Between black and blackish gray; pale gray 
 
1 
Between black and blackish gray; blackish gray; pale gray; near white 
 
1 
Between black and blackish gray; blackish gray; near white 
 
1 
Between black and blackish gray; near white 
 
1 
Blackish gray; between blackish gray and dark gray; dark gray; between medium gray 
and light gray 
 
1 
Blackish gray; between blackish gray and dark gray; pale gray 
 
1 
Blackish gray; dark gray; between light gray to pale gray 
 
1 
Blackish gray; medium gray; between light gray to pale gray 
 
1 
Blackish gray; pale gray 
 
1 
Blackish gray; light gray 
 
1 
Blackish gray; between blackish gray and dark gray; near white 
 
1 
Blackish gray; medium gray; pale gray; near white 
 
1 
Blackish gray; pale gray; near white 
 
1 
Blackish gray; near white 
 
1 
Between blackish gray and dark gray; between light gray to pale gray 
 
1 
Between blackish gray and dark gray; pale gray 
 
1 
Between blackish gray and dark gray; near white 
 
1 
Dark gray; between medium gray and dark gray; between medium gray and light gray 
 
1 
Medium gray; between light gray to pale gray 
 
 
2 
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Description 
 
Score 
 
Medium gray; near white 
 
2 
Between medium gray and light gray 
 
2 
Between medium gray and light gray; between light gray to pale gray 
 
2 
Between light gray and pale gray 
 
2 
Between light gray and pale gray; near white 
 
2 
Near white 
 
2 
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APPENDIX III 
Hybrid index for male under-tail covert of C. saularis in Borneo and Java. The 
descriptions are based on the correlations between modified Munsell Notation and 
Palmer Names (Smithe 1975).  
 
Description Score 
Black/ between black and blackish gray 
 
0 
Black/ between black and blackish gray; blackish gray 
 
0 
Black /between black and blackish gray; pale gray; near white 
 
0 
Black / between black and blackish gray; near white 
 
0 
Between black and blackish gray; blackish gray; between blackish gray and 
dark gray; between medium gray and light gray 
 
0 
Between black and blackish gray; blackish gray; pale gray 
 
0 
Between black and blackish gray; blackish gray; near white 
 
0 
Between black and blackish gray; between blackish gray and dark gray 
 
0 
Between black and blackish gray; between blackish gray and dark gray; 
medium gray 
 
1 
Between black and blackish gray; between blackish gray and dark gray; pale 
gray 
 
1 
Between black and blackish gray; between blackish gray and dark gray; 
medium gray; pale gray 
 
1 
Between black and blackish gray; between dark gray and medium gray; 
medium gray 
 
1 
Between black and blackish gray; between medium gray and light gray; pale 
gray; near white 
 
1 
Between black and blackish gray; between light gray and pale gray 
 
1 
Between black and blackish gray; between light gray and pale gray; near 
white 
 
1 
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Description Score 
Between black and blackish gray; pale gray 
 
1 
Between blackish gray and dark gray; near white 
 
1 
Blackish gray; between light gray and pale gray 
 
1 
Blackish gray; between light gray and pale gray; pale gray 
 
1 
Blackish gray; between light gray and pale gray; near white 
 
1 
Blackish gray; pale gray 
 
1 
Blackish gray; pale gray; near white 
 
1 
Blackish gray; near white 
 
1 
Between light gray and pale gray; near white 
 
2 
Between light gray and pale gray; pale gray 
 
2 
Pale gray 
 
2 
Near white 
 
2 
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APPENDIX IV 
C. saularis specimen information for each locality in Borneo and Java. All specimens are 
male birds prepared as skins. Asterisks mark specimens for morphological 
(morphometric and plumage characters) measurements; m superscript denotes a skin for 
which only morphometric characters were measured; p denotes only plumage characters; 
+ denotes specimens with morphological and genetic measurements; ++ denotes 
specimens for genetic analysis only. Museum codes: AM American Museum of Natural 
History; LIPI Indonesian Institute of Sciences; SWK Sarawak Museum; SBH Sabah 
Museum; NHM British Natural History Museum; ZRC Raffles Museum; Smith NMNH 
Smithsonian; WFVZ Western Foundation of Vertebrate Zoology; and LSU Louisiana 
State University Museum of Natural Science.  
 
Code Specific locality (Specimen Catalog Numbers) 
1-1/ 
2-1 
Kuching: Santubong (SWK4812*, SWK18.12.59P, SWK24-12-59P, SWKC. 
saularis2m, SWKC. saularis3m, SWKMU. 18*); Kuching (SWK4825*, 
SWK4846*, SWK4916*, SWK4917*, AM806582*, SWK20.5.50P, SWK136 
ddm, SWK B51.8.1g*, SWK B51.8.1 j*, SWK B51.8.1 y*, SWK C. saularis1m, 
ZRC.3.22731*, ZRC.3.22733*); Kuching: Borneo Highland Resort (LSU 
B79523+, LSU B79532+) 
 
1-2 Belaga : Belaga (SWK B.51.8.3. l*, AM 648625m); Belaga: Uma Pawah 
(SWK B51.8.3 m*); Belaga: Marun (SWK 4797*)  
 
1-3 Suai (LSUB79434m+, LSUB79344+) 
 
1-4 Lambir: Sungai Rait (LSU B79348m+); Lambir: Kampung Bidayuh Miri (LSU 
B73550+, LSU B73554+, LSU B73552+, LSU B73551+); Baram (SWK 
B51.8.3em, SWK B51.8.1am, SWK B51.8.3 d*, ZRC.3.4828*, ZRC.3.4829m, 
ZRC.3.4823*, ZRC.3.4826*) 
 
1-5 Long Laput (SWK 3851b1 n*, SWK Cat. 385*, SWK 385 (b)m, SWK Cat. 385 
p.m, SWK 385(b)o p) 
 
1-6 Bario Kelabit Highland (SWK 567*, AM 648428*, SWK M35m, SWK X/K 
107*, SWK X/K 336*, SWK X/K 466*) 
 
1-7 Lawas: Lawas (SWK 17/50m, Smith NMNH 248013*, SWK B51.8.3m, SWK 
B51.8.3i*, SWK B51.8.3jp); Lawas: Pa Brayong (SWK 767p, SWK 4788*, 
SWK 4790*, SWK 4806m) ; Sipitang, Kampung Mendulong (LSUB73456*, 
LSUB73459*, LSUB73458++, LSUB73465++); Lawas, Long Kachu 
(LSUB73535m+, LSUB73533++); Lawas, Kampung Ahmad Takong 
(LSUB79313*+); Lawas, Long Tuma (LSUB79323*+); Merapok, Kampung 
Undop (LSUB79334*+); Lawas: Trusan (SWK M14*, SWK MU.16m); Long  
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Code Specific locality (Specimen Catalog Numbers) 
1-7 Banga (SWK X/K800m), Lawas: Long Tuma (LSUB 73529++, LSUB 79321++, 
LSUB 79317++); Lawas: Kampung Peruan (LSUB79310++) 
 
1-8 Labuan (AM 580151*, NHM 94.8.6.40m, NHM 88.9.13.36m, NHM 
94.7.5.71m) 
 
1-9 Beufort: Selinsing Klias (LSUB73436*+, LSUB73439*+, LSUB73440m+; 
LSUB47215++; LSUB51004++); Beufort: Membakut Beach (WFVZ 39754m) 
 
1-10 Papar: Kg. Takis (SBH 647m, SBH 500p); Kota Kinabalu (ZRC.3.4816*, Smith 
NMHM 472794*, Smith NMHM 472781*, Smith NMHM 472789*, Smith 
NMHM 472790m, Smith NMHM 472791*, Smith NMHM 472784*, Smith 
NMHM 472799*, Smith NMHM 472801*, Smith NMHM 472795*, Smith 
NMHM 472804*, Smith NMHM 472798*); Penampang (WFVZ .3.9745*, 
WFVZ.3.9748*, LSUB73470*+, LSUB73442m+ ); Tambunan (SWK 4782m); 
Crocker Range (SBH 61593++) 
 
1-11 Kota Belud: Kg. Ambong (SBH 545*, SBH 549*, SBH 546); Kota Belud: 
Kampung Tamu Darat (LSUB73472*); Ranau: Kabayo (SWK 4783*); Ranau: 
Mt. Kinabalu (Smith NMHM 191591*); Ranau (SWK 4802*); Kudat: Kota 
Marudi, Langkon (LSUB 73477++, LSUB 73481++, LSUB 73475++) 
 
1-12 Sandakan: Bettotan (ZRC.3.4801*, ZRC.3.4804*, ZRC.3.4805*, 
ZRC.3.4815m); Sandakan (Smith NMHM 211572*) 
 
2-2 Smitaw Kapuas (Smith NMHM 178141*) 
 
2-3 Central Kalimantan: Palangkaraya Kota (LIPI 20.723*, LIPI 28.722*); Central 
West Kalimantan (LIPI 3867*) 
 
2-4 Kapuas (Smith NMHM 181051*); South East Kalimantan: Klumpang Bay 
(Smith NMHM 181571*); South East Kalimantan: Pulo Laut (Smith NMHM 
1815728*); South Kalimantan: Parit (AM 447766p, AM 447767*); Karangiton 
Martapoero (NHM 1912.12.28.67m) 
 
2-5 Central East Kalimantan: Tabang (LIPI 25.345*, LIPI 25.346m); Moera Wahau 
(LIPI 4569*); Moera Antja loeng (LIPI 4673*) 
 
2-6 South Kalimantan: Central Margasari Kotabara (LIPI 31.369*); Mount Sari 
(LIPI 25344*); Sungai Karong Musmus (Smith NMHM 248011*, Smith 
NMHM 248012*) 
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Code Specific locality (Specimen Catalog Numbers) 
3-1 Banten: Udjung Kulow (LIPI 28.796*, LIPI 23.691*, Raffles ZRC.3.22638p); 
Banten: Sumur (LIPI 23.694*); Banten: Tjiodeng Gunung Karang (LIPI 
72292*) 
 
3-2 West Java: Bogor (LIPI406p, LIPI419*, LIPI6588*, LIPI152*, LIPI121, 
LIPI8351; LIPI4748p); West Java: Jakarta (LIPI19505*; LIPI19524*; 
LIPI19521*; LIPI19536*; LIPI19538*; LIPI19520*; LIPI19513*; 
LIPI19532*); Mt. Salak (LIPI 3352*) 
 
3-3 Garut: Gedangan Res Samarang (LIPI 14075*); Garut: Bandjarwanfu 
Tjikadjang (LIPI 14602m, LIPI 74323m, LIPI 19532p, LIPI 74322p, LIPI 
74555*, LIPI 14603*)  
 
3-4 Karang Bolang (ZRC.3.22638m, LIPI 19516p) 
 
3-5 Bekol Baluan (LIPI 27.985*); Pangonan Pati Japare (LIPI 6452*); Dglegong 
Japare (LIPI 6464*, LIPI 6465*, LIPI 18685*) 
 
3-6  Bali (AM 580148*, AM 580144*, AM 580147*, AM 580145*) 
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APPENDIX V 
C. malabaricus specimen information. All specimens are male birds prepared as skins. 
Asterisks mark specimens for morphological (morphometric and plumage characters) 
measurements; m superscript denotes a skin for which only morphometric characters 
were measured; p denotes only plumage characters; + denotes specimens with 
morphological and genetic measurements; ++ denotes specimens for genetic analysis 
only. Museum codes: AM American Museum of Natural History; LIPI Indonesian 
Institute of Sciences; SWK Sarawak Museum; SBH Sabah Museum; NHM British 
Natural History Museum; ZRC Raffles Museum; Smith NMNH Smithsonian; WFVZ 
Western Foundation of Vertebrate Zoology; and LSU Louisiana State University 
Museum of Natural Science.  
 
Code Specific locality (Specimen Catalog Numbers) 
4-1 Sabah: Kudat; Banggi Island, Kampung Kalangkaman (LSU B73490*+, LSU 
B73487*+, LSU B73488*+, LSU B73489++); Banggi Island( ZRC.3.22493*, 
ZRC.3.22488*, ZRC.3.22492*) 
 
4-2 Sabah: Ranau; Kinabalu Park, Serinsom Substation (LSU B47016*+, LSU 
B47003*+, LSU B46976++, LSU B47016++); Mount Kinabalu (AM 580357*); 
Kpg. Muruk (SBH 749) 
 
4-3 Sabah: Sandakan; Bettotam (ZRC.3.22484*, ZRC.3.22485*, ZRC.3.22486*, 
ZRC.3.22487*, ZRC.3.22607*, ZRC.3.22608*, ZRC.3.22609*, ZRC.3.22611*, 
ZRC.3.22613*, ZRC.3.22604*, ZRC.3.22603*); Gomantong (SBH 803m); 
Telupid (SBH 2401m) 
 
4-4 Sabah: Keningau (SWK 2402m); Keningau; 20 km SE of Sook (WFVZ39784*, 
WFVZ39780*) 
 
4-5 Sabah: Sapulut, Ulu Samuran (SBH 2227*); Sapulut, Simatuoh (SBH 2248*) 
4-6 Sabah: Beufort; Sungai Rayoh (ZRC.3.22614*, ZRC.3.22495*); Tenom (Smith 
NMNH 483421*); Weston (ZRC.3.22496*); Sipitang (Smith NMNH 
483421*); Mendolong 31 km from Sipitang (LSU B50797*, B73454*) 
 
4-7 Sabah: Tenom; Ulu Tomani P22 (LSU B73450*+); Tenom; Sg. Telekoson 
(SBH 5001*) 
 
4-8 Sabah: Tawau; Brumas Camp (DMNH62395*, DMNH62393*); Tawau: Impak 
River (WFVZ39779*, WFVZ39778*, WFVZ39772*); Tawau Forest Reserve, 
Rukuruku (LSUB50317*); Tawai Hills Park (LSU B73499*+, LSU B73493*+); 
Tawau: Ulu Balung, Quoin Hill (SBH 897 (186)*) 
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Code Specific locality (Specimen Catalog Numbers) 
4-9 Sarawak: Lawas (LIPI 3033*, SWK 52/50*, SWK 69/5*, SWK 63/50*, SWK 
53/50*, SWK 25/50*); Lawas; Kampung Ahmad Takong (LSU B79315*+); 
Lawas: Merapok, Kampung Undop (LSU B79327++); Lawas; Pa Berangan 
(SWK 4637m) 
 
4-10 Brunei: Kota Batu (SWK 466*, SWK 4638*, SWK 4643*); Sarawak: Limbang 
(SWK B51.9.1 f*, SWK B51.9.1 ll*, SWK B1.9.1 cc*, SWK B51.9.1 g*); Batu 
Danau, Kampung Pangkalan Madang (LSU B73541++) 
 
4-11 Sarawak: Miri; Baram (SWK B51.9.1 c*; SWK B51.9. 1a*); Miri; Niah (LSU 
B58158*+, SWK K.33*); Miri; Baram, Long Lama (NHM 513m); Miri, Mulu 
(LSU B74745++) 
 
4-12 Sarawak: Bintulu; Belaga, Usun Apau (SWK 139 ddm, SWK 4668*, SWK 
533*) 
 
4-13 Indonesia: East Kalimantan, Segah River (Smith NMNH 181872*; Smith 
NMNH 181971*) 
 
4-14 Sarawak: Bintulu; Tatau (LSU B57052*+) 
4-15 Indonesia: East Kalimantan; Ma Rekut Busang River, Barito Ulu (LIPI 
30.000*, LIPI 30.001*); East Kalimantan; Tabang (LIPI 25.349*, LIPI 25.35*, 
LIPI 25.351*, LIPI 25.352*, LIPI 25.354*, LIPI 25.357*, LIPI 25.358*, LIPI 
25.359*, LIPI 25.360*, LIPI 27.769*)  
 
4-16 Sarawak: Saribas; Paku (NHM 554*, NHM 556*, ZRC.3.22498*, 
ZRC.3.22499*, ZRC.3.22501*, ZRC.3.22503*, SWK 4664*, SWK 4641*, 
Smith NMNH 182909*); Lubok Antu (SWK Cat. 386 (a) kk*) 
 
4-17 Sarawak: Kuching; Santubong (AM 580401*, SWK 4651*, SWK 4660*, SWK 
4644*, SWK Cat. 386 (a) hh*, SWK Cat. 386 (a) ii*, SWK 5*); Kuching 
(SWK B51.9.1 i*, SWK B51.9.1 e*, SWK 4635); Kuching; Padawan, Borneo 
Highland (LSU B79510++) 
 
4-18 Sarawak: Kuching; Sebako (LSU B79484*, LSU B79711*); Kuching; Lundu 
(SWK B51.9.1 w*, SWK B51.9.1 z*) 
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APPENDIX VI 
Plumage data for male Copsychus saularis from Borneo and Java.  
Museum/ 
Institute 
Catalog # Locality Lat Y Log X 
Rectric 
1 
Rectric 
2 
Rectric 
3 
Belly 
Undertail 
Covert 
 
HIS 
AMNH 447762 S.W. Borneo, Riam 0.6475278 109.3965278 0 0 1 0 0  1 
AMNH 447763 S.W. Borneo, Riam 0.6475278 109.3965278 0 0 0 1 0  1 
AMNH 447764 S.W. Borneo, Riam 0.6475278 109.3965278 0 1 1 0 0  2 
AMNH 447766 S. Borneo, Parit -3.8049067 114.7720241 0 1 1 2 1  5 
AMNH 447767 S. Borneo, Parit -2.1666668 113.0000000 0 0 1 0 0  1 
AMNH 580143 Java Mt. Ardjoeno -7.7655 112.5902 0 0 1 2 1  4 
AMNH 580144 Bali Bocbeleng -8.1072767 115.289492 0 0 1 2 1  4 
AMNH 580145 Bali Bocbeleng -8.1072767 115.289492 0 0 1 2 1  4 
AMNH 580147 Bali -8.1072767 115.289492 0 0 1 2 1  4 
AMNH 580148 Bali -8.1072767 115.289492 0 0 1 2 1  4 
ANHM 580151 Borneo, Labuan 5.2900000 115.2400000 0 0 1 2 1  4 
AMNH 648624 Sarawak, Long Akar, Baram R 3.3164040 114.7928390 0 0 1 0 1  2 
AMNH 806582 Borneo, Sarawak, Kuching 1.5500000 110.3400000 0 0 1 0 0  1 
DMNH DMNH62406 Keningau Sabah Malaysia 5.3500000 116.1500000 0 0 1 2 1  4 
DMNH DMNH62408 Keningau Sabah Malaysia 5.3500000 116.1500000 0 0 1 2 1  4 
LIPI 20.723 Palangkaraya Kota, Kalimantan Tengah -2.1210170 113.8660895 0 0 0 0 0  0 
LIPI 23.691 
Tjiodeng Gng Karang Pandeglang Bantam 
W Java 
-6.31 106.1 0 0 0 0 0 
 
0 
LIPI 23.694 Sumur_S_Banten_West_Java -6.6574571 105.5827546 0 0 0 1 0  1 
LIPI 25.345 Tabang East Borneo  0.4143226 116.0709858 0 0 1 2 1  4 
LIPI 27.903 Bebal_Balunan_East_Java -7.8386508 114.3797672 0 0 1 2 2  5 
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Institute 
Catalog # Locality Lat Y Log X 
Rectric 
1 
Rectric 
2 
Rectric 
3 
Belly 
Undertail 
Covert 
 
HIS 
LIPI 27.985 Bekol Baluan East Java -6.5860801 110.6668469 0 0 0 2 1  3 
LIPI 28.722 Palangkaraya Kota, Kalimantan Tengah -2.1210170 113.8660895 0 0 0 0 0  0 
LIPI 28.796 Udjung Kulow/ Tandj Alang2 W Java -6.6574571 105.5827546 0 0 0 0 0  0 
LIPI 31.369 
Margasari Tengah Kotabara Kalimantan 
Selatan 
-0.5737418 117.0160353 0 0 1 2 1 
 
4 
LIPI 121 Djaga Betang Buitenzorg W Java -6.58 106.79 0 0 0 0 0  0 
LIPI 152 Buitenzorg -6.58 106.79 0 0 0 1 0  1 
LIPI 406 Kawoeng_loewoek_Buitenzorg_W Java -6.58 106.79 0 0 0 1 0  1 
LIPI 419 Buitenzorg -6.58 106.79 0 0 0 1 0  1 
LIPI 3352 Buitenzorg -6.58 106.79 0 0 1 0 0  1 
LIPI 3867 Central West Borneo -1.4010099 113.2777977 0 0 1 0 0  1 
LIPI 4569 Moeara Wahau M o Borneo 0.9743029 116.6188431 0 0 0 2 1  3 
LIPI 4673 Moeara Antjaloeng M O Borneo  0.4324967 116.6775513 0 0 1 2 1  4 
LIPI 4748 Buitenzorg -6.58 106.79 0 0 1 0 0  1 
LIPI 6452 Pangonan_Pati_Japare_Middle_Java -6.5860801 110.6668469 0 0 1 1 1  3 
LIPI 6464 Dglegong Japare Middle Java -6.5860801 110.6668469 0 0 1 2 1  4 
LIPI 6465 Djlegong Japare Middle Java -6.5860801 110.6668469 0 0 1 1 0  2 
LIPI 6588 Buitenzorg -6.58 106.79 0 0 0 1 0  1 
LIPI 8351 Batavia W Java -6.1800000 106.8300000 0 0 0 0 0  0 
LIPI 14075 West_Java_Bandjarwangu_Tjikawjang -7.4 107.883333 0 0 0 0 0  0 
LIPI 14602 Cheribon W Java -6.71 108.56 0 0 0 0 0  0 
LIPI 14603 Bandjarwanfu Tjikadjang West Java -7.366667 107.783333 0 0 1 1 0  2 
LIPI 18685 Djatilos Jepoeng Middle Java -6.8410498 110.8191132 0 0 1 2 1  4 
LIPI 19505 Batavia_W_Java -6.1800000 106.8300000 0 0 0 0 0  0 
LIPI 19513 Batavia W Java -6.1800000 106.8300000 0 0 0 1 0  1 
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Catalog # Locality Lat Y Log X 
Rectric 
1 
Rectric 
2 
Rectric 
3 
Belly 
Undertail 
Covert 
 
HIS 
LIPI 19516 Karang Bolang Mid_Java -7.754 109.4586 0 0 1 0 0  1 
LIPI 19520 Batavia W Java -6.1800000 106.8300000 0 0 0 0 0  0 
LIPI 19521 Batavia W Java -6.1800000 106.8300000 0 0 0 0 0  0 
LIPI 19524 Batavia W Java -6.1800000 106.8300000 0 0 0 0 0  0 
LIPI 19532 Bandjarwanfu Tjikadjang West Java -7.366667 107.783333 0 0 0 0 0  0 
LIPI 19536 Batavia_W_Java -6.1800000 106.8300000 0 0 0 0 0  0 
LIPI 19538 Batavia W Java -6.1800000 106.8300000 0 0 0 0 0  0 
LIPI 25344 G Sari Kalimantan Timur  -1.2677017 116.8420029 0 0 1 2 1  4 
LIPI 72292 Tjianten_Gn_Salak_W_Java -6.7400486 106.7238522 0 0 0 0 0  0 
LIPI 74322 West_Java_Tikadjang_Ond_Bandjarwang -7.366667 107.783333 0 0 1 1 1  3 
LIPI 74555 Gedangan Res Samarang Midden Java -7.366667 107.783333 0 0 0 1 1  2 
LSU LSU B73436 
Malaysia: Sabah, Jalan Tabuk; Selinsing; 
Klias 
5.4030840 115.6632042 0 0 1 2 1 
 
4 
LSU LSU B73470 
Malaysia: Sabah; Penampang, Kampung 
Kibambangan; 160 m 
5.8794444 116.1444444 0 0 1 2 1 
 
4 
LSU LSU B73500 
Malaysia: Sabah, Tawau, Merontai Besar, 
Kampung Jagung; 26 m 
4.4377778 117.7714205 0 1   2 1 
 
4 
LSU LSUB73439 
Malaysia: Sabah, Jalan Tabuk; Selinsing; 
Klias 
5.4030840 115.6632042 0 0 1 1 1 
 
3 
LSU LSUB73456 
Malaysia: Sabah; Kampung Mendulong; 
Mendulong, Sipitang 
4.9699616 115.6704998 0 0 1 2 1 
 
4 
LSU LSUB73459 
Malaysia: Sabah, Kampung Mendulong, 
Mendulong, Sipitang 
4.9699616 115.6704998 0 0 0 1 1 
 
2 
LSU LSUB73465 Malaysia: Sabah, Taman Sabah, Pulau Tiga 5.7199311 115.6566811 0 0 1 1 1  3 
LSU LSUB73472 
Malaysia: Sabah; Kota Belud; Kampung 
Tamu Darat 
6.2648000 116.4579167 0 0 1 2 1 
 
4 
LSU LSUB73550 
Malaysia Sarawak Miri Kampung Bidayuh 
Miri; 24 m 
4.3069333 113.9973333 0 0 0 2 1 
 
3 
LSU LSUB73551 
Malaysia Sarawak Miri Kampung Bidayuh 
Miri; 24 m 
4.3069333 113.9973333 0 0 1 1 1 
 
3 
LSU LSUB73552 
Malaysia Sarawak Miri Kampung Bidayuh 
Miri; 24 m 
4.3069333 113.9973333 0 0 1 1 1 
 
3 
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Rectric 
1 
Rectric 
2 
Rectric 
3 
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Undertail 
Covert 
 
HIS 
LSU LSUB73554 
Malaysia Sarawak Miri Kampung Bidayuh 
Miri; 24 m 
4.3069333 113.9973333 0 0 1 1 1 
 
3 
LSU LSUB79313 
Malaysia Sarawak Limbang Division 
Lawas District Kampung Ahmad Takong; 
60 m 
4.8191667 115.3980556 0 0 0 1 0 
 
1 
LSU LSUB79323 
Malaysia Sarawak Limbang Division 
Lawas District Long Tuma 
4.8005556 115.4030333 0 0 1 1 1 
 
3 
LSU LSUB79334 
Malaysia Sarawak Limbang Division 
Lawas District Merapok Kampung Undop; 
3 m 
4.9586389 115.5720278 0 0 1 2 1 
 
4 
LSU LSUB79337 
Malaysia Limbang Division Kampung 
Pangkalan Madang  
4.6402500 114.8306667 0 0 1 1 1 
 
3 
LSU LSUB79344 
Malaysia Miri Division Niah District Suai; 
3m 
3.9054167 113.7344444 0 0 0 1 1 
 
2 
LSU LSUB79523 
Malaysia Sarawak Kuching Division 
Borneo Highland Resort; 730 m 
1.1327778 110.2238889 0 0 0 0 0 
 
0 
LSU LSUB79532 
Malaysia Sarawak Kuching Division 
Borneo Highland Resort; 730 m 
1.1327778 110.2238889 0 0 1 0 0 
 
1 
Raffles ZRC322731 Kuching, West Sarawak 1.5500000 110.3400000 0 1 1 2 1  5 
Raffles ZRC322733 Kuching, West Sarawak 1.5500000 110.3400000 0 0 0 1 1  2 
Raffles ZRC34804 Bettotan, N Sandakan, Borneo 5.7833330 117.8666670 0 0 1 0 0  1 
Raffles ZRC34805 Bettotan, N Sandakan, Borneo 5.7833330 117.8666670 0 0 1 0 0  1 
Raffles ZRC34808 Banguey Id. North Borneo 7.2058130 117.1204376 2 2 2 2 1  9 
Raffles ZRC34809 Banguey Id. North Borneo 7.2058130 117.1204376 2 2 2 2 2  10 
Raffles ZRC34815 Balambangan Id., North Borneo 7.2440024 116.9460618 0 1 2 2 2  7 
Raffles ZRC34816 Benone Jesselton, Borneo 5.6939038 115.9249663 0 0 1 2 1  4 
Raffles ZRC34822 Brunei 4.9175431 114.9690056 2 2 2 2 1  9 
Raffles ZRC34823 Baram, Sarawak 4.5623720 114.0734589 0 0 1 2 1  4 
Raffles ZRC34826 Baram, Sarawak 4.5623720 114.0734589 0 0 1 0 1  2 
Raffles ZRC34828 Baram, Sarawak 4.5623720 114.0734589 0 0 1 1 1  3 
Raffles ZRC322638 Udjung_Kulow/_Tandj_Alang2_W_Java -6.6574571 105.5827546 0 0 0 2 1  3 
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Rectric 
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HIS 
Raffles ZRC3.4801 Bettotan, N Sandakan, Borneo 5.7833330 117.8666670 0 0 1 0 1  2 
Sabah 500 Kg. Takis, Papar, Sabah 5.7216685 115.9285390 0 1 1 2 1  5 
Sabah 545 Kg. AmbongNAKota Belud 6.3066075 116.3287675 2 2 2 2    8 
Sabah 549 Kg. AmbongNAKota Belud 6.3066075 116.3287675 2 2 2 2 2  10 
Sabah 647 Kg. AmbongNAKota Belud 6.3066075 116.3287675 2 2 2 2 1  9 
Sabah 962 Agric Research St. Tuaran 6.1785289 116.2338495 0 0 1 2 2  5 
Sarawak 385.ee Nanga Sumpak Delok, Simanggang 1.2386120 112.0351410 0 0 0 1 0  1 
Sarawak M14 Long Semadoh, Trusan River 4.2335820 115.5906343 0 0 1 1 1  3 
Sarawak M35 Bario, Kelabit Plataeu  3.7433286 115.4564809 0 0 0 0 0  0 
Sarawak MU18 Near Long Lama 3.7632629 114.4063854 0 0 1 1 1  3 
Sarawak 24/12/59 Santubong 1.7461944 110.3150278 0 0 1 2 1  4 
Sarawak B51.8.1.y Kuching 1.5500000 110.3400000 0 0 1 2 1  4 
Sarawak B51.8.1g Kuching 1.5500000 110.3400000 0 0 0 2 1  3 
Sarawak B51.8.1j Kuching 1.5500000 110.3400000 0 0 1 2 1  4 
Sarawak B51.8.3.l Belaga 2.6630964 114.2026233 0 0 0 1 1  2 
Sarawak B51.8.3i Lawas 4.7828439 115.2724171 0 0 1 1 1  3 
Sarawak B51.8.3j Lawas 4.7828439 115.2724171 0 0 0 1 1  2 
Sarawak B51.8.3m Belaga 2.6630964 114.2026233 0 1 1 2 1  5 
Sarawak 18.12.59 Santubong 1.7461944 110.3150278 0 0 0 0 0  0 
Sarawak 20.5.50 Kuching 1.5500000 110.3400000 0 0 1 2 1  4 
Sarawak 51.8.3d Baram 4.5623720 114.0734589 0 0 1 1 1  3 
Sarawak 107 Bario, Kelabit Plateau, 3100 3.7433286 115.4564809 0 0 0 2 1  3 
Sarawak 170 Long Beranoi  - - 0 0 1 2 1  4 
Sarawak 336 P' Umur, Kelabit Plateau 3.7333333 115.5166667 0 0 0 0 0  0 
Sarawak 363 Patah Baram 3.3482361 114.5928955 0 0 0 0 0  0 
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Sarawak 385 Long Laput 3.7323872 114.4269633 0 0 1 0 0  1 
Sarawak 385(b)n Long Laput 3.7323872 114.4269633 0 0 1 0 0  1 
Sarawak 385(b)o Long Laput 3.7323872 114.4269633 0 0 0 0 0  0 
Sarawak 466 P' Umur, Kelabit Plateau 3.7333333 115.5166667 0 0 0 0 0  0 
Sarawak 567 Bario, Kelabit Plateau  3.7433286 115.4564809 0 0 0 0 0  0 
Sarawak 767 La Tangua 4.6166667 115.3333333 0 0 1 0 0  1 
Sarawak 800 Long Banga (Pa Puah) Ulu Baram 3.2035050 115.3965290 0 0 0 0 0  0 
Sarawak 850 Long Abah  3.3164040 114.7928390 0 0 1 1 1  3 
Sarawak 4781 Long San, Baram 3.2981310 114.7829032 0 0 0 1 0  1 
Sarawak 4783 Kabayo 18 m Kinabalu Hills 6.2000000 116.4666667 0 0 0 0 0  0 
Sarawak 4788 Pa. Brayong, Lawas 4.4500000 115.5166667 0 0 1 2 1  4 
Sarawak 4790 Pa. Brayong, Lawas 4.4500000 115.5166670 0 0 0 0 0  0 
Sarawak 4797 Uma Pawah, L. Binyadan, Ulu Belaga 3.7950583 114.7346878 0 0 1 1 0  2 
Sarawak 4801 Marudi, Baram 4.1878935 114.3191814 0 0 0 0 0  0 
Sarawak 4802 Ranau, North Borneo 5.9700000 116.6800000 0 0 0   1  1 
Sarawak 4809 Bario 3.7433286 115.4564809 0 0 1 2 1  4 
Sarawak 4812 Santubong 1.7461944 110.3150278 0 0 0 2 1  3 
Sarawak 4825 Kuching, 5th Mile Stapok Road 1.5342976 110.3263807 0 0 1 1 1  3 
Sarawak 4846 Kuching 1.5500000 110.3400000 0 0 1 2 1  4 
Sarawak 4916 Kuching 3rd Mile Matang Road 1.5449421 110.2876550 0 0 0 0 0  0 
Sarawak 4917 Matang 1.5449421 110.2876550 0 0 1 2 1  4 
Smithsonian 178141 Smitaw, Kapuas 0.5500000 111.9666670 0 0 1 0 1  2 
Smithsonian 181051 W. Borneo, Kapuas River, Sanggan -3.3468652 114.6464539 0 0 1 1 0  2 
Smithsonian 181571 S. E. Borneo; Klumpang Bay -3.8049067 114.7720241 0 0 1 2 1  4 
Smithsonian 181572 S. E. Borneo; Pulo Laut -3.6333504 116.1680603 0 0 1 2 1  4 
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Museum/ 
Institute 
Catalog # Locality Lat Y Log X 
Rectric 
1 
Rectric 
2 
Rectric 
3 
Belly 
Undertail 
Covert 
 
HIS 
Smithsonian 191591 North Borneo; Mt. Kinabalu 6.0562340 116.4876938 0 0 2 1 1  4 
Smithsonian 211572 Sandakan, Borneo 5.8530592 118.0932426 2 2 2 2 2  10 
Smithsonian 248011 Sungai Karong Musmus -0.5070302 117.1574548 0 0 0 2 1  3 
Smithsonian 248012 Sungai Karong Musmus 0.5070302 117.1574548 0 0 1 2 1  4 
Smithsonian 248013 E Borneo, Lawas 4.7828439 115.2724170 0 0 0 2 1  3 
Smithsonian 472781 Kasiqui; North Borneo 5.9847899 116.0817575 0 0 2 2 1  5 
Smithsonian 472784 North Borneo; Inanam 5.9972314 116.1306167 0 0 1 2 1  4 
Smithsonian 472788 Tuaran, North Borneo 6.1785289 116.2338495 0 0 1 1 1  3 
Smithsonian 472789 Bukit Padang, North Borneo 5.9481360 116.1154729 0 0 1 1 2  4 
Smithsonian 472791 Bukit Padang, North Borneo 5.9481360 116.1154729 1 1 2 2 1  7 
Smithsonian 472794 Petergas; North Borneo 5.9115864 116.0458159 0 0 1 1 1  3 
Smithsonian 472795 Kapayan, North Borneo 5.7161198 116.4014446 0 0 1 2 1  4 
Smithsonian 472798 Kapayan, North Borneo 5.7161198 116.4014446 0 0 1 1 1  3 
Smithsonian 472799 Kapayan, North Borneo 5.7161198 116.4014446 0 0 1 1 1  3 
Smithsonian 472801 Kapayan, North Borneo 5.7161198 116.4014446 0 0 1 2 1  4 
Smithsonian 472804 Kapayan, North Borneo 5.7161198 116.4014446 0 0 1 2 1  4 
WFVZ WFVZ39,745  
Kg. Maang, Penampang, Sabah, E. 
Malaysia 
5.8605556 116.0854167 0 0 1 2 1 
 
4 
WFVZ WFVZ39,748  
12 Km S of KK.; E. Malaysia; Sabah; Kg. 
Maang, Penampang 
5.8605556 116.0854167 0 0 0 2 1 
 
3 
 
Note: Museum codes: AM American Museum of Natural History; LIPI Indonesian Institute of Sciences; SWK Sarawak Museum; 
SBH Sabah Museum; NHM British Natural History Museum; ZRC Raffles Museum; Smith NMNH Smithsonian; WFVZ Western 
Foundation of Vertebrate Zoology; and LSU Louisiana State University Museum of Natural Science.  
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APPENDIX VII 
Morphometric data of male and female Copsychus saularis from Borneo and Java.  
 
Museum/ 
Institute 
ID SEX LOCALITY Lat Y Log X 
Length 
bill 
Height 
bill 
Length 
wing 
Length 
tail 
Length 
tarsus 
AMNH 806582 Male Borneo, Sarawak, Kuching 1.5342976 110.3263807 14.6 6.71 103 96 31.26 
AMNH 648624 Male Sarawak, Long Akar, Baram R 3.3164040 114.7928390 13.23 6.47 111 107 20.06 
AMNH 648625 Male Sarawak, Marun, Baram R 2.6591096 114.3099976 14.19 NA 106 87 30.83 
AMNH 111050 Male British N. Borneo, Sibattik Island 4.1666670 117.7500000 15.31 NA 104 98 29.65 
AMNH 648428 Male Sarawak, Bario, Kelabit Plateau 3.7433286 115.4564809 14.08 6.16 112 103 28.57 
AMNH 580151 Male Borneo, Labuan 5.2900000 115.2400000 15.18 6.51 100 97 31.2 
AMNH 580150 Male Borneo, Tutong R., Brunei 4.9175431 114.9690056 13.79 NA 118 97 31.56 
AMNH 447762 Male S.W. Borneo, Riam 1.6666668 109.5499998 13.27 NA 103 104 31.6 
AMNH 447764 Male S.W. Borneo, Riam 1.6666668 109.5499998 14.82 NA 106 107 30.7 
AMNH 447767 Male S. Borneo, Parit -3.8049067 114.7720241 12.88 7.39 105 103 30.08 
AMNH 447763 Male S.W. Borneo, Riam 1.6666668 109.5499998 13.99 6.22 104 NA 30.47 
AMNH 447766 Male S. Borneo, Parit -3.8049067 114.7720241 NA 5.97 104 NA 29.24 
AMNH 580148 Male Bali -8.1072767 115.289492 13.13 6.34 110 128 28.91 
AMNH 580144 Male Bali, Bocbeleng -8.1072767 115.289492 14.15 NA 102 111 28.87 
AMNH 580147 Male Bali -8.1072767 115.289492 12.45 6.21 112 104 31.11 
AMNH 580145 Male Bali, Bocbeleng -8.1072767 115.289492 NA 5.95 101 104 NA 
AMNH 580143 Male Java, Mt. Ardjoeno  -7.7655 112.5902 12.53 NA 101 107 31.83 
AMNH 111051 Female Sibattik I., British N. Borneo 4.1666670 117.7500000 15.2 NA 95 88 30.78 
AMNH 648427 Female Ba'rio, Kelabit Plateau 3.7433286 115.4564809 NA 6.28 101 100 32.23 
AMNH 580152 Female Labuan, Borneo  5.2900000 115.2400000 16.3 7.08 100 117 31.49 
AMNH 580146 Female Bocbeleng, Bali -8.1072767 115.289492 NA NA 95 105 29.36 
176 
Museum/ 
Institute 
ID SEX LOCALITY Lat Y Log X 
Length 
bill 
Height 
bill 
Length 
wing 
Length 
tail 
Length 
tarsus 
AMNH 580149 Female Bali -8.1072767 115.289492 13.14 NA 101 105 30.24 
AMNH 447768 Female Parit, S Borneo -3.8049067 114.7720241 NA 6.23 94 94 28.05 
AMNH 447765 Female Riam S W Borneo 1.6666668 109.5499998 12.35 5.95 97 95 27.87 
British 94.8.6.40 Male Labuan 5.2900000 115.2400000 12.89 6.33 101 99 31.99 
British 88.9.13.36 Male Labuan 5.2900000 115.2400000 17.01 6.43 106 103 31.52 
British 94.7.5.71 Male Labuan 5.2900000 115.2400000 15.73 6.3 111 96 29.31 
British 73.5.12.731 Male W. Java  - - 13.33 NA 101 95 27.58 
British 1956.60.327 Male 
Meliau + Labuk Rivers Central 
North Borneo 
4.8130602 116.8786925 14.07 6.27 108 108 30.98 
British 1956.60.328 Male 
Bohi Dulong Is. Of Semporna S. 
E. North Borneo 
4.5984367 118.7872857 15.7 NA 101 89 32.9 
British 1969.29.225 Male Bongon, N. Borneo - - 14.79 NA 108 101 31.34 
British 61.1.2.5 Male Borneo - - 14.1 NA 103 100 29.92 
British 1912.12.28.67 Male 
Karangiton, Martapoera, S. 
Borneo 
-3.4100000 114.8400000 12.49 NA 105 100 NA 
British 1969-50-4 Female Brunei, North Borneo 4.9175431 114.9690056 9.3 NA 83 NA 28.84 
British 1969.29.226 Female Labuan, Sabah, Borneo 5.2900000 115.2400000 14.74 6.34 98 101 27.53 
British 1969.26.227 Female Bongon, N. Borneo 6.5671000 116.8165972 15.86 NA 96 83 30.65 
British 94.8.6.39 Female Padas Lowlands 5.3333333 115.5000000 13.17 NA 100 96 30.77 
British 1927.4.18.567 Female 
Mora Barue, Samarahan, 
Sarawak, Borneo 
- - 14.01 6.15 95 87 28.4 
British 88.8.13.37 Female Banguey 7.2058130 117.1204376 15.53 6.44 104 92 29.02 
British 1969.29.224 Female Bongon, N. Borneo - - 16.42 NA 109 104 33.27 
British 1912.12.28 Female 
Karangiton, Martapoera, S. 
Borneo 
-3.4100000 114.8400000 11.72 NA 97 102 26.72 
British 77.9.27.10 - Malaysia, Sabah: Labuan 5.2900000 115.2400000 10.62 NA 86 NA 29.98 
British 88.4.20.157 - Malaysia, Sabah: Labuan 5.2900000 115.2400000 15.44 6.29 102 90 29.1 
British 77.9.27.109 - Malaysia, Sabah: Labuan 5.2900000 115.2400000 14.57 NA 102 89 31.71 
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Museum/ 
Institute 
ID SEX LOCALITY Lat Y Log X 
Length 
bill 
Height 
bill 
Length 
wing 
Length 
tail 
Length 
tarsus 
British 77.9.27.111 - Malaysia, Sabah: Labuan 5.2900000 115.2400000 15.53 6.67 98 85 28.42 
British 88.4.1.157 - Malaysia, Sabah: Labuan 5.2900000 115.2400000 15.98 6.35 NA 101 30.58 
British 1882.9.17.6 - Malaysia, Sabah: Labuan 5.2900000 115.2400000 16.79 6.43 97 94 29.45 
British 88.4.20.155 - Malaysia, Sabah: Labuan 5.2900000 115.2400000 16.83 6.28 108 95 29.37 
British 1969-52-1108 - Paitan, Borneo - - 17.15 6.94 103 91 30.12 
British 
1935.10.22-
513 
- 
Mt. Kalulong, Sarawak/ Long 
Lama 
3.7632629 114.4063854 13.69 NA 107 94 29.19 
British 1969-52-1109 - Paitan, Borneo - - 15.67 NA 101 92 29.91 
British 70.5.2.136 - Labuan 5.2900000 115.2400000 17.22 NA 100 91 28.77 
British 77.9.27.40 - Labuan 5.2900000 115.2400000 16.63 6.7 106 97 31.71 
British 1882.9.17.7 - Labuan, Borneo 5.2900000 115.2400000 16.39 6.17 98 87 27.72 
British 74. 12.1.97 - Labuan 5.2900000 115.2400000 15.95 6.63 101 92 30.52 
British 88.4.29.152 - Sarawak - - 13.88 6.89 104 97 29.82 
British 50.10.24.46 - Borneo - - 14.84 NA 104 83 27.4 
British 76.7.28.38 - Bintulu - - 13.77 5.97 98 90 27.22 
British 1908.12.16.138 - Lamag, N. E. Borneo - - 14.55 6.12 110 111 29.36 
British 88.8.13.35 - Bangney - - 17.25 7.32 111 101 28.1 
British 1908.12.16.139 - Lamag, N. E. Borneo - - 14.08 6.51 101 105 30.14 
British 93.7.4.7 - Marudu R. N. Borneo - - 14.98 6.72 109 95 29.75 
British 73.5.12.725 - Tenom - - 13.09 NA 108 105 29.61 
British 1969.29.224 - Bongon, N. Borneo - - 16.42 NA 109 104 33.27 
British 73.5.12.725 - Tenom - - 13.09 NA 108 105 29.61 
British 73.5.12.727 - Banjarmassing  - - 14.47 NA 102 110 31.57 
DMNH DMNH62408 Male Keningau Sabah Malaysia 5.3500000 116.1500000 15.3 6.42 107 105 31.28 
DMNH DMNH62406 Male Keningau Sabah Malaysia 5.3500000 116.1500000 12.86 6.28 102 97 29.7 
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Institute 
ID SEX LOCALITY Lat Y Log X 
Length 
bill 
Height 
bill 
Length 
wing 
Length 
tail 
Length 
tarsus 
DMNH DMNH62410 Female Keningau Sabah E Malaysia 5.3500000 116.1500000 14.96 6.37 97 93 30.42 
DMNH DMNH62407 Female Keningau Sabah E Malaysia 5.3500000 116.1500000 14.03 6.79 95 95 32.14 
DMNH DMNH62409 Female Keningau Sabah E Malaysia 5.3500000 116.1500000 13.76 5.91 100 103 29.16 
LIPI 25.345 Male Tabang East Borneo  0.4143226 116.0709858 13.51 NA 107 89 29.7 
LIPI 25.346 Male 
Tabang, Kalimantan Timur (East 
Borneo)  
0.4143226 116.0709858 13.72 NA 105 96 30.94 
LIPI 4569 Male Moeara Wahau M o Borneo 0.9743029 116.6188431 13.21 NA 105 110 28.54 
LIPI 4673 Male Moeara Antjaloeng M O Borneo  0.4324967 116.6775513 14.09 6.11 109 100 29.54 
LIPI 25344 Male G Sari Kalimantan Timur  -1.2677017 116.8420029 13.6 NA 111 109 27.49 
LIPI 28.722 Male 
Palangkaraya Kota, Kalimantan 
Tengah 
-2.1210170 113.8660895 14.66 6.32 107 95 31.81 
LIPI 3867 Male Central West Borneo -1.4010099 113.2777977 13.34 6.36 106 97 29.57 
LIPI 6452 Male 
Pangonan Pati Japare Middle 
Java 
- - 12.25 5.58 103 103 29.07 
LIPI 31.369 Male 
Margasari Tengah Kotabara 
Kalimantan Selatan 
-0.5737418 117.0160353 14.84 NA 111 113 29.65 
LIPI 20.723 Male 
Palangkaraya Kota, Kalimantan 
Tengah 
-2.1210170 113.8660895 14.77 6.23 110 103 29.64 
LIPI 6464 Male Dglegong, Japare, Middle Java -6.5860801 110.6668469 12.38 5.68 102 97 30.68 
LIPI 27.985 Male Bekol, Baluan East Java -6.5860801 110.6668469 12.56 5.42 104 110 30.69 
LIPI 8347 Male -   NA 5.43 103 99 31.77 
LIPI 18685 Male Djatilos Jepoeng Middle Java  -6.8410498 110.8191132 13.07 5.74 99 94 31.06 
LIPI 6465 Male Djlegong Japare Middle Java -6.8410498 110.8191132 12.03 5.5 97 97 27.97 
LIPI 27.903 Male Bebal Balunan East Java  -7.8386508 114.3797672 12.69 NA 101 90 30.93 
LIPI 14603 Male 
West Java Tikadjang Ond 
Bandjarwang  
-7.366667 107.783333 12.92 5.96 104 101 29.54 
LIPI 74323 Male 
Bandjarwanfu Tjikadjang West 
Java 
- - 11.74 5.51 100 109 29.02 
LIPI 74555 Male 
Bandjarwanfu Tjikadjang West 
Java 
- - 13.17 5.44 102 104 28.86 
179 
Museum/ 
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bill 
Height 
bill 
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wing 
Length 
tail 
Length 
tarsus 
LIPI 14075 Male 
Gedangan Res Samarang Midden 
Java  
- - 13.6 5.49 107 105 28.51 
LIPI 19516 Male Cheribon W Java -6.71 108.56 NA 5.37 100 100 30.17 
LIPI 72292 Male 
Tjiodeng Gng Karang 
Pandeglang Bantam W Java 
-6.31 106.1 13.98 5.81 103 106 29.47 
LIPI 28.796 Male Sumur S Banten West Java -6.6574571 105.5827546 13.1 5.75 100 93 29.69 
LIPI 23.691 Male 
Udjung Kulow/ Tandj Alang2 W 
Java 
- - 11.81 NA 102 105 29.25 
LIPI 23.694 Male 
Udjung Kulow/ Tandj Alang2 W 
Java 
- - 14.27 NA 104 96 31.16 
LIPI 14602 Male 
West Java Bandjarwangu 
Tjikawjang  
-7.4 107.883333 13.42 5.93 106 118 32.03 
LIPI 406 Male Buitenzorg  -6.58 106.79 13.88 NA 98 100 31.41 
LIPI 4748 Male 
Kawoeng loewoek Buitenzorg W 
Java 
-6.58 106.79 13.57 5.54 103 109 28.44 
LIPI 3352 Male Tjianten Gn Salak W Java  -6.7400486 106.7238522 13.2 NA 97 102 28.76 
LIPI 419 Male Buitenzorg  -6.58 106.79 13.15 NA 99 97 27.83 
LIPI 6588 Male Buitenzorg  -6.58 106.79 13.66 5.79 103 107 31.52 
LIPI 152 Male Buitenzorg  -6.58 106.79 12.88 NA 103 106 29.02 
LIPI 121 Male Buitenzorg  -6.58 106.79 13.76 6.13 103 108 29.24 
LIPI 8351 Male 
Djaga Betang Buitenzorg, W 
Java 
-6.58 106.79 13.98 6.04 107 109 30.53 
LIPI 19505 Male Batavia W Java -6.1800000 106.8300000 13.75 NA 100 98 27.51 
LIPI 19524 Male Batavia W Java -6.1800000 106.8300000 11.89 NA 100 98 29.79 
LIPI 19521 Male Batavia W Java -6.1800000 106.8300000 13.22 5.65 102 103 30.56 
LIPI 19536 Male Batavia W Java -6.1800000 106.8300000 NA NA 100 94 26.8 
LIPI 19538 Male Batavia W Java -6.1800000 106.8300000 13.36 6.2 103 104 29.76 
LIPI 19520 Male Batavia W Java -6.1800000 106.8300000 14.55 6.05 110 105 29.85 
LIPI 19513 Male Batavia W Java -6.1800000 106.8300000 12.73 5.56 100 107 28.83 
LIPI 19532 Male Batavia W Java -6.1800000 106.8300000 NA NA 100 99 29.71 
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ID SEX LOCALITY Lat Y Log X 
Length 
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wing 
Length 
tail 
Length 
tarsus 
LIPI 18563 Female Samarinda o Borneo -0.5000000 117.1500000 13.4 NA 99 94 31.86 
LIPI 26.293 Female Kp Rinding M E Borneo 2.1610930 117.4325126 14 6.57 100 103 32.34 
LIPI 26.288 Female Kp Rinding M E Borneo 2.1610930 117.4325126 14.11 6.46 96 - 29.42 
LIPI 26.268 Female Njapa M E Borneo  1.7500000 117.4166670 14.77 6.4 103 103 31.13 
LIPI 25.347 Female Tabang East Borneo  0.4143226 116.0709858 12.69 NA 91 90 28.98 
LIPI 3046 Female Borneo - - 13.83 6.78 102 98 29.25 
LIPI 28.724 Female 
Palangkaraya Kota, Kalimantan 
Tengah 
-2.1210170 113.8660895 13.24 6.12 100 98 30.03 
LIPI 28.725 Female 
Palangkaraya Kota, Kalimantan 
Tengah 
-2.1210170 113.8660895 14.17 NA 99 90 29.2 
LIPI 27.354 Female Kemawen Kalimantan Tengah  -1.3456155 114.9149322 14.05 NA 95 100 26.94 
LIPI 28.721 Female 
Palangkaraya Kota, Kalimantan 
Tengah 
-2.1210170 113.8660895 14.74 6.15 96 111 31.1 
LIPI 3047 Female Borneo Lawas River Broenei  4.4500000 115.5166670 14.07 6.06 101 96 28.78 
LIPI 31.572 Female 
Parasang S Pinang Kalimantan 
Selatan  
-3.2271333 115.2500000 14 NA 102 108 30.17 
LIPI 75127 Female 
Bandjarwanfu Tjikadjang West 
Java 
-7.366667 107.783333 13.49 5.83 95 105 29.78 
LIPI 73846 Female 
Blingbing Res Rembang 
Djatibaseh Atjepoe O Java 
- - 12.75 NA 91 93 27.73 
LIPI 73847 Female Kasimon Res Rembang Java  - - 11.86 5.44 - 110 28.23 
LIPI 3035 Female 
Tijiwarae Kaeningan Cheribon 
W Java 
-6.71 108.56 12.48 5.8 105 87 28.68 
LIPI 15652 Female 
W Java Oedjoeng Kodon P 
Pautjang  
- - 14.31 6.21 97 98 27.81 
LIPI 21.046 Female Legon Lintah, Pulau Pamaitam - - 13.1 5.73 95 94 27.88 
LIPI 27.872 Female Kebun rata Bogor West Java  -6.58 106.79 12.27 NA 98 92 26.3 
LIPI 6589 Female Buitenzorg  -6.58 106.79 12.64 NA 97 87 27.44 
LIPI 136 Female Buitenzorg  -6.58 106.79 13.03 NA 98 102 27.3 
LIPI 575 Female Buitenzorg  -6.58 106.79 12.85 5.04 97 97 25.99 
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LIPI 6568 Female Buitenzorg  -6.58 106.79 12.55 5.56 91 94 29.86 
LIPI 12562 Female Buitenzorg  -6.58 106.79 13.54 NA 96 98 29.22 
LIPI 4749 Female 
Kawoeng loewoek Buitenzorg W 
Java 
-6.58 106.79 11.19 5.46 90 97 27.38 
LIPI 420 Female Buitenzorg  -6.58 106.79 13.48 5.56 93 92 27.23 
LIPI 19526 Female Batavia W Java -6.1800000 106.8300000 12.55 5.85 95 90 29.47 
LIPI 19514 Female Batavia W Java -6.1800000 106.8300000 13.7 5.87 96 92 27.55 
LIPI 19507 Female Batavia W Java -6.1800000 106.8300000 12.97 5.66 92 93 28 
LIPI 19502 Female Batavia W Java -6.1800000 106.8300000 NA NA 93 89 27.5 
LIPI 19522 Female Batavia W Java -6.1800000 106.8300000 13.32 5.92 93 91 27.28 
LIPI 19512 Female Batavia W Java -6.1800000 106.8300000 12.65 NA 95 91 28.65 
LIPI 19527 Female Batavia W Java -6.1800000 106.8300000 14.64 NA 97 90 27.54 
LIPI 19509 Female Batavia W Java -6.1800000 106.8300000 13.44 NA 97 95 27.66 
LIPI 19531 Female Batavia W Java -6.1800000 106.8300000 13.6 5.77 80 87 27.85 
LIPI 19528 Female Batavia W Java -6.1800000 106.8300000 13.41 5.64 93 94 27.63 
LSU LSU B73450 Male 
Malaysia: Sabah, Tawau, 
Merontai Besar, Kampung 
Jagung; 26 m 
4.4377778 117.7755556 16.34 6.92 113 112 33.09 
LSU LSU B73436 Male 
Malaysia: Sabah, Jalan Tabuk; 
Selinsing; Klias 
5.4030840 115.6632042 15.93 6.13 111 106 30.68 
LSU LSU B73470 Male 
Malaysia: Sabah; Penampang, 
Kampung Kibambangan; 160 m 
5.8794444 116.1444444 13.95 6.33 104 113 31.09 
LSU LSUB73472 Male 
Malaysia: Sabah; Kota Belud; 
Kampung Tamu Darat 
6.2648000 116.4579167 14.19 6.27 114 117 34.04 
LSU LSUB73456 Male 
Malaysia: Sabah; Kampung 
Mendulong; Mendulong, 
Sipitang 
4.9699616 115.6704998 15.03 5.91 107 107 30.3 
LSU LSUB73444 Male 
Malaysia: Sabah, Taman Sabah, 
Pulau Tiga 
5.7199311 115.6566811 17.11 6.28 111 NA 30.83 
LSU LSUB73439 Male 
Malaysia: Sabah, Jalan Tabuk; 
Selinsing; Klias 
5.4030840 115.6632042 14.98 6.05 109 110 31.46 
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LSU LSUB73442 Male 
Malaysia: Sabah, Penampang, 
Kampung Kibambangan; 160 m 
5.8794444 116.1444444 14.1 6.04 111 106 30.3 
LSU LSUB73465 Male 
Malaysia: Sabah, Taman Sabah, 
Pulau Tiga 
5.7199311 115.6566811 16.92 6.46 106 NA 31.43 
LSU LSUB73459 Male 
Malaysia: Sabah, Kampung 
Mendulong, Mendulong, 
Sipitang 
4.9699616 115.6704998 15.03 6.21 119 119 31.63 
LSU LSUB73448 Male 
Malaysia Sabah: Taman Sabah 
HQ, Pulau Tiga 
5.7199311 115.6566811 16.48 6.39 114 NA 32.33 
LSU LSUB73440 Male 
Malaysia Sabah: Jalan Tabuk, 
Selinsing, Klias 
5.4030840 115.6632042 15.47 6.27 115 115 28.44 
LSU LSUB73475 Male 
Malaysia Sabah Kudat Kota 
Marudu Langkon 
6.5718167 116.7054167 16.67 6.07 112 105 30.95 
LSU LSUB79323 Male 
Malaysia Sarawak Limbang 
Division Lawas District Long 
Tuma 
4.8005556 115.4030333 15.5 5.95 110 119 31.64 
LSU LSUB73535 Male 
Malaysia Sarawak Limbang 
Division Lawas District Long 
Kachu; 17 m 
4.7422667 115.2843833 15.58 6.24 121 92 29.27 
LSU LSUB73550 Male 
Malaysia Sarawak Miri 
Kampung Bidayuh Miri; 24 m 
4.3069333 113.9947333 13.84 6.19 107 105 29.71 
LSU LSUB73554 Male 
Malaysia Sarawak Miri 
Kampung Bidayuh Miri; 24 m 
4.3069333 113.9947333 14.01 6.1 102 112 29.06 
LSU LSUB79337 Male 
Malaysia Limbang Division 
Kampung Pangkalan Madang 
4.6402500 114.8306667 14.67 NA 106 117 29.89 
LSU LSUB79348 Male 
Malaysia Miri Lambir District 
Sg. Rait;6 m 
4.2300556 113.9662500 14.32 6.5 113 108 31.88 
LSU LSUB79334 Male 
Malaysia Sarawak Limbang 
Division Lawas District Merapok 
Kampung Undop; 3 m 
4.9586389 115.5720278 14.99 6.48 106 112 31.04 
LSU LSUB79343 Male 
Malaysia Miri Division Niah 
District Suai; 3m 
3.9054167 113.7344444 14.55 6.79 107 NA 30.13 
LSU LSUB73552 Male 
Malaysia Sarawak Miri 
Kampung Bidayuh Miri; 24 m 
4.3069333 113.9947333 16.46 6.28 107 127 31.38 
LSU LSUB79313 Male 
Malaysia Sarawak Limbang 
Division Lawas District 
Kampung Ahmad Takong; 60 m 
4.8191667 115.3980556 15.05 6.02 112 106 30.86 
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LSU LSUB73551 Male 
Malaysia Sarawak Miri 
Kampung Bidayuh Miri; 24 m 
4.3069333 113.9947333 - - 118 112 31.34 
LSU LSUB79344 Male 
Malaysia Miri Division Niah 
District Suai; 3m 
3.9054167 113.7344444 14.69 6.32 107 124 31.17 
LSU LSUB79523 Male 
Malaysia Sarawak Kuching 
Division Borneo Highland 
Resort; 730 m 
1.1327778 110.2238889 14.6 6.58 110 109 29.21 
LSU LSUB79532 Male 
Malaysia Sarawak Kuching 
Division Borneo Highland 
Resort; 730 m 
1.1327778 110.2238889 16.19 6.48 104 102 28.35 
 LSU B73497 Female 
Malaysia: Sabah; Tawau; Tawau 
Hill Parks Headquater 
4.3978333 117.8877778 16.14 6.75 103 NA 32.41 
 LSU B73494 Female 
Malaysia: Sabah; Sandakan; 
Sepilok; Rainforest Discovery 
Center Sepilok; 36 m 
5.8764667 117.9445333 
broken 
tip 
6.58 103 96 31.71 
 LSU B73433 Female 
Malaysia: Sabah; Jalan Tabuk, 
Selinsing, Klias 
5.4030840 115.6632042 16.5 6.16 105 99 29.28 
 LSU WFVZ 39,750 Female 
East Malaysia, Sabah, 
Penampang, Kg. Maang, 12 km 
S. of Kota Kinabalu 
5.8605700 116.0854254 15.12 6.39 100 99 29.5 
 LSU B73474 Female 
Malaysia: Sabah; Kudat; Kota 
Marudu, Langkon; 36 m 
6.5718167 116.7054167 16.38 6.13 105 104 29.78 
 LSU B73479 Female 
Malaysia: Sabah; Kudat; Kota 
Marudu, Langkon; 36 m 
6.5718167 116.7054167 14.84 6.75 103 102 30.03 
 LSU B73478 Female 
Malaysia: Sabah; Kudat; Kota 
Marudu, Langkon; 36 m 
6.5718167 116.7054167 14.66 6.15 102 100 28.98 
 LSU WFVZ 39,759 Female 
E. Malaysia; Sabah; Kg. Padas 
Damit, Klias  
5.3333333 115.5000000 17.29 6.59 100 96 31.98 
 LSU B73464 Female 
Malaysia: Sabah, Penampang, 
Kampung Kibambangan; 160 m 
5.8794444 116.1444444 15.31 6.33 106 NA 31.16 
 LSU B73476 Female 
Malaysia: Sabah; Kudat; Kota 
Marudu, Langkon; 36 m 
6.5718167 116.7054167 15.42 5.87 105 NA 29.45 
 LSU B73480 Female 
Malaysia: Sabah; Kudat; Kota 
Marudu, Langkon; 36 m 
6.5718167 116.7054167 15.53 5.9 92 99 31.84 
 LSU B73432 Female 
Malaysia: Sabah; Jalan Tabuk, 
Selinsing, Klias 
5.4030840 115.6632042 15.93 6.08 99 93 30.48 
 LSU B73443 Female 
Malaysia: Sabah; Taman Sabah 
HQ, Pulau Tiga 
5.7199311 115.6566811 16.44 6.14 102 110 29.03 
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 LSU WFVZ 39, 746 Female 
Kg. Maang, Penampang; Sabah 
E. Malaysia 
5.8605700 116.0854254 14.13 5.97 100 107 30.05 
 LSU B73464 Female 
Malaysia Sabah: Kampung 
Bamban, Mendulong, Sipitang 
4.9699616 115.6704998 14.35 6.3 104 102 28.71 
 LSU B73445 Female 
Malaysia: Sabah, Taman Sabah, 
Pulau Tiga 
5.7199311 115.6566811 15.49 6.09 103 97 28.33 
 LSU B79326 Female 
Malaysia Sarawak Limbang 
Lawas Kampung Pengalih; 3 m 
4.8267222 115.4544722 14.9 5.98 100 96 30.51 
 LSU B79341 Female 
Malaysia Miri Division Niah 
District Suai; 3m 
3.9054167 113.7344444 13.83 5.35 100 102 30.09 
 LSU B79555 Female 
Malaysia Sarawak Kuching 
Division Borneo Highland 
Resort; 730 m 
1.1327778 110.2238889 14.81 5.99 95 96 28.08 
 LSU B79259 Female 
Malaysia Sarawak Limbang 
Kampung Ranggu; 40 m 
4.6288889 114.8488889 14.23 6.38 98 94 29.04 
 LSU B73542 Female 
Malaysia Limbang Division 
Kampung Pangkalan Madang  
4.6402500 114.8306667 13.82 6.14 101 91 28.49 
 LSU B73534 Female 
Malaysia Sarawak Limbang 
Division Lawas District Long 
Kachu; 17 m 
4.7422667 115.2843833 17.05 6.68 104 104 31.19 
 LSU B73530 Female 
Malaysia Sarawak Limbang 
Division Lawas District Long 
Tuma; 10 m 
4.8005556 115.4030333 15.98 6.83 105 99 28.9 
 LSU B73545 Female 
Malaysia Limbang Division 
Kampung Pangkalan Madang  
4.6402500 114.8306667 15.53 NA 102 104 30.49 
 LSU B79336 Female 
Malaysia Limbang Division 
Kampung Pangkalan Madang  
4.6402500 114.8306667 NA NA 95 NA 29.86 
Raffles  ZRC.3.4801 Male Bettotan, N Sandakan, Borneo 5.7833330 117.8666670 15.64 6.52 114 120 28.42 
Raffles  ZRC.3.4804 Male Bettotan, N Sandakan, Borneo 5.7833330 117.8666670 14.5 5.91 107 74 30.18 
Raffles  ZRC.3.4805 Male Bettotan, N Sandakan, Borneo 5.7833330 117.8666670 14.41 6.15 110 107 31.07 
Raffles  ZRC.3.4815 Male Bettotan, N Sandakan, Borneo 5.7833330 117.8666670 17.12 NA 113 110 32.28 
Raffles  ZRC.3.4816 Male Benone Jesselton, Borneo 5.6821972 115.9353532 15.65 NA 116 102 31.8 
Raffles  ZRC.3.4809 Male Banguey Id. North Borneo 7.2058130 117.1204376 15.31 NA 114 105 31.19 
Raffles  ZRC.3.4808 Male Banguey Id. North Borneo 7.2058130 117.1204376 15.83 NA 113 107 30.47 
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Raffles  ZRC.3.22638 Male Karang Bolang, Mid Java - - 13.53 5.63 102 107 28.67 
Raffles  ZRC.3.4828 Male Baram, Sarawak 4.5623720 114.0734589 NA NA 105 111 30.39 
Raffles  ZRC.3.4829 Male Baram, Sarawak 4.5623720 114.0734589 14.63 5.91 107 92 31.65 
Raffles  ZRC.3.4822 Male Brunei 4.9175431 114.9690056 NA 6.81 110 105 30.12 
Raffles  ZRC.3.4823 Male Baram, Sarawak 4.5623720 114.0734589 14.4 6.44 106 99 31.72 
Raffles  ZRC.3.4826 Male Baram, Sarawak 4.5623720 114.0734589 14.55 NA 109 105 32.4 
Raffles  ZRC.3.22733 Male Kuching, West Sarawak 1.5342976 110.3263807 13.31 NA 107 105 28.67 
Raffles  ZRC.3.22731 Male Kuching, West Sarawak 1.5342976 110.3263807 14.02 5.9 105 98 31.79 
Raffles  ZRC.3.4803 Female 
Bettotan, North Sandakan, 
Borneo 
5.7833330 117.8666670 15.19 6.31 98 93 32.8 
Raffles  ZRC.3.4813 Female Kudat, North Borneo 6.9000000 116.8400000 17.26 7.04 112 98 30.85 
Raffles  ZRC.3.4811 Female Malawalle Id, North Borneo 7.0526384 117.3017978 16.19 6.53 108 98 30.01 
Raffles  ZRC.3.4810 Female Banguey Id., North Borneo 7.2058130 117.1204376 15.73 6.34 110 95 28.57 
Raffles  ZRC.3.4807 Female 
Bettotan, North Sandakan, 
Borneo 
5.7833330 117.8666670 15.17 5.99 105 93 29.34 
Raffles  ZRC.3.22639 Female Karang Bolang, Mid Java -7.754 109.4586 12.42 5.55 101 97 26.05 
Raffles  ZRC.3.4824 Female Baram, Sarawak 4.5623720 114.0734589 12.88 6.22 100 104 29.81 
Raffles  ZRC.3.4817 Female 
Kiau, Mt Kinabalu, North 
Borneo 
6.0562340 116.4876938 14.11 6.2 110 94 29.99 
Raffles  ZRC.3.4832 Female 
Kiau, Mt Kinabalu, North 
Borneo 
6.0562340 116.4876938 14.33 5.75 100 100 29.32 
Raffles  ZRC.3.4825 Female Baram, Sarawak 4.5623720 114.0734589 14.88 6.6 99 114 29.09 
Raffles  ZRC.3.4827 Female Baram, Sarawak 4.5623720 114.0734589 14.35 6.4 100 101 29.71 
Raffles  ZRC.3.4818 Female 
Kiau, Mt Kinabalu, North 
Borneo 
6.0562340 116.4876938 15.43 6.86 103 95 29.96 
Raffles  ZRC.3.22730 Female Kuching, West Sarawak 1.5342976 110.3263807 14.32 6.93 95 82 29.09 
Raffles  ZRC.3.22732 Female Kuching, West Sarawak 1.5342976 110.3263807 14.52 6.56 98 90 28.12 
Sabah 545(MS. A 69) Male Kg. Ambong-Kota Belud 6.3066075 116.3287675 14.84 7.31 33.9 2.96 110 
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Sabah 549(MS. A 73) Male Kg. Ambong-Kota Belud 6.3066075 116.3287675 13.71 6.76 31.61 3.26 108 
Sabah 962 Male Agric Research St. Tuaran 6.1785289 116.2338495 13.97 7.03 32.25 3.17 112 
Sabah 
647(MS. 
A172) 
Male Kg. Takis, Papar, Sabah 5.7216685 115.9285390 13.69 5.93 33.08 3.01 111 
Sabah 
546 (MS. A 
70) 
Male Kg. Ambong-Kota Belud 6.3066075 116.3287675 14.49 7.24 29.1 3.02 106 
Sabah 500 (MS.A 23) Female Kg. Kuala Papar 5.7523834 115.9078109 15.07 6.59 102 92 29.8 
Sabah 5051 Female Klias Forest Reserve, Beufort 5.3261111 115.6736111 13.01 5.87 98 100 29.34 
Sabah 
569 (MS. A 
94) 
Female Kg. Ambong-Kota Belud 6.3066075 116.3287675 14.57 7.22 100 95 30.54 
Sabah 
570 (MS. A. 
95) 
Female Kg. Ambong-Kota Belud 6.3066075 116.3287675 16.01 7.28 100 96 29.69 
Sabah 
550 (MS. A. 
74) 
Female Kg. Ambong-Kota Belud 6.3066075 116.3287675 15.44 6.57 102 86 29.87 
Sarawak 567 Male Bario, Kelabit Plateau  3.7433286 115.4564809 13.81 5.92 105 98 29.27 
Sarawak B51.8.1 j Male Kuching 1.5342976 110.3263807 14.35 NA 102 91 29.38 
Sarawak 4783 Male Kabayo 18 m Kinabalu Hills 6.2000000 116.4666667 14.44 NA 112 102 30.96 
Sarawak X/K 800  Male 
Long Banga (Pa Puah) Ulu 
Baram 
3.2035050 115.3965290 NA NA 110 110 28.65 
Sarawak B51.8.3e Male Baram 4.5623720 114.0734589 13.77 6.27 112 112 29.3 
Sarawak B51.8.1a  Male Baram 4.5623720 114.0734589 14.01 6.04 97 92 27.84 
Sarawak 3851b1 n Male Long Laput 3.7323872 114.4269633 14.46 6.02 118 107 30.02 
Sarawak X/K 107 Male Bario, Kelabit Plateau, 3100 3.7433286 115.4564809 NA NA 111 102 29.2 
Sarawak B51.8.3i  Male Lawas 4.7828439 115.2724171 15.67 6.22 103 106 30.44 
Sarawak Cat. 385 Male Long Laput 3.7323872 114.4269633 14.77 6.23 112 100 29.09 
Sarawak B51.8.3 Male Lawas 4.7828439 115.2724171 13.43 6.39 105 97 30.01 
Sarawak M14 Male Long Semadoh, Trusan River 4.2335820 115.5906343 13.84 6.79 112 102 NA 
Sarawak MU. 16 Male La Tangua 4.6166667 115.3333333 14.34 6.56 110 103 29.53 
Sarawak 850 Male Long Abah  3.3164040 114.7928390 13.66 6.62 115 95 30.28 
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Sarawak B.51.8.3. l Male Belaga 2.6630964 114.2026233 13.43 6.2 107 91 30.56 
Sarawak 4802 Male Ranau, North Borneo 5.9700000 116.6800000 16.88 6.22 104 99 31.38 
Sarawak 4812 Male Santubong 1.6513308 110.3346043 16.32 6.52 107 83 29.86 
Sarawak Cat. 385 p.  Male Long Loput 3.7323872 114.4269633 13.35 6.55 110 95 27.13 
Sarawak 4801 Male Marudi, Baram 4.1878935 114.3191814 14.57 6.53 110 94 31.17 
Sarawak 4790 Male Pa. Brayong, Lawas 4.4500000 115.5166670 14.71 NA 107 101 26.77 
Sarawak 385 (b)  Male Long Laput 3.7323872 114.4269633 12.94 5.97 106 90 28.02 
Sarawak M35 Male Bario, Kelabit Plataeu  3.7433286 115.4564809 13.99 6.05 122 92 28.53 
Sarawak X/K 466 Male P' Umur, Kelabit Plateau 3.7333333 115.5166667 13.32 5.92 111 98 32.59 
Sarawak 4797 Male 
Uma Pawah, L. Binyadan, Ulu 
Belaga 
2.6630964 114.2026233 12.09 NA 98 97 NA 
Sarawak X/K 91 Male Ba' Lawit Plain, Sarawak Border 1.3778788 112.9227161 11.63 5.94 105 96 31.76 
Sarawak 4855 Male - - - 14 5.96 110 101 28.75 
Sarawak Cat. 385 ee Male 
Nanga Sumpak Delok, 
Simanggang 
1.2386120 112.0351410 15 5.78 102 89 27.87 
Sarawak 4917 Male Matang 1.5449421 110.2876550 15.34 5.82 105 92 28.13 
Sarawak 4825 Male Kuching, 5th Mile Stapok Road 1.5342976 110.3263807 14.32 6.35 107 95 30.05 
Sarawak C. saularis  Male Kuching 1.5342976 110.3263807 16.08 6.4 112 96 29.12 
Sarawak 4788 Male Pa. Brayong, Lawas 4.4500000 115.5166670 12.83 6.96 111 106 31.58 
Sarawak 4916 Male Kuching 3rd Mile Matang Road 1.5342976 110.3263807 14.54 6.11 108 94 30.37 
Sarawak MU. 18  Male Santubong 1.6513308 110.3346043 15.98 6.99 107 96 28.57 
Sarawak 4846 Male Kuching 1.5342976 110.3263807 14.79 6.12 109 91 30.04 
Sarawak C. saularis  Male Santubong 1.6513308 110.3346043 15.32 7.12 111 95 30.27 
Sarawak C. saularis  Male Santubong 1.6513308 110.3346043 16.94 6.55 109 106 28.8 
Sarawak 4806 Male Po Barayang 4.4500000 115.5166667 12.96 NA 107 107 NA 
Sarawak 136 dd Male Kuching  1.5342976 110.3263807 14.43 NA 104 84 31.47 
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Sarawak X/K 336 Male P' Umur, Kelabit Plateau 3.7333333 115.5166667 13.79 6.81 106 101 29.68 
Sarawak B51.8.1 y Male Kuching 1.5342976 110.3263807 14.53 6.48 99 86 26.99 
Sarawak 17/50 Male Lawas 4.4500000 115.5166670 13.77 6.21 97 90 NA 
Sarawak B51.8.3 d Male Baram 4.5623720 114.0734589 12.85 6.25 108 106 32.21 
Sarawak B51.8.3 m Male Belaga 2.6630964 114.2026233 13.45 5.82 105 105 31.12 
Sarawak 169 Male Dapor Tinjar 4.0173798 114.3113367 12.81 6.73 110 82 28.59 
Sarawak 363 Male Patah Baram 3.3482361 114.5928955 12.91 6.1 108 99 29.68 
Sarawak 170 Male Long Beranoi  - - 12.22 6.52 117 94 30.57 
Sarawak 4782 Male Tambunan, North Borneo 5.6247585 116.3314806 13 6.14 103 NA 31.36 
Sarawak 4781 Male Long San, Baram 3.2981310 114.7829032 14.44 6.16 104 102 30.24 
Sarawak B51.8.1 g Male Kuching 1.5342976 110.3263807 15.34 6.26 103 92 28.93 
Sarawak C. saularis  Male Long So - - 10.46 5.49 100 83 27.53 
Sarawak 528 Female Patah, Baram 3.3482361 114.5928955 13.61 6.65 105 100 30.37 
Sarawak B51.8.1t Female Kuching 1.5342976 110.3263807 14.05 5.61 96 93 28.82 
Sarawak 4803/ MU. 16 Female Long Luping  4.2844460 115.4948044 14.62 6.28 114 100 29.55 
Sarawak 4787/ MU.16  Female Long Luping  4.2844460 115.4948044 15.96 7.27 115 101 31.93 
Sarawak B51.8.1. O Female Kuching  1.5342976 110.3263807 14.38 6.45 96 92 28.09 
Sarawak B51.8.1 z Female Belaga 2.6630964 114.2026233 14.31 5.93 95 101 28.13 
Sarawak X/K 455 Female Bairio, Kelabit Plateau  3.7433286 115.4564809 13.6 6.16 103 77 30.15 
Sarawak Cat. 385 Female Ba Kalalan 3.9739035 115.6145811 13.07 NA 102 93 31.41 
Sarawak 4807 Female Pa. Brayong, Lawas 4.4500000 115.5166670 13.42 5.85 106 99 29.99 
Sarawak 4798 Female Bario 3.7433286 115.4564809 13.52 5.48 100 97 27.99 
Sarawak X/K 696 Female Kubasan, Ulu Tutoh 3.4685000 115.2438000 13.31 6.12 105 98 30.32 
Sarawak 4860 Female Teluk Serabang 1.9666670 109.6333330 16.36 6.61 100 90 30.04 
Sarawak B51.8.1 m  Female Kuching 1.5342976 110.3263807 9.37 4.41 81 NA 27.16 
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Sarawak 4817 Female Kuching 1.5342976 110.3263807 13.39 6.05 99 92 NA 
Sarawak 4837 Female Kuching 1.5342976 110.3263807 15.12 6.18 102 85 28.52 
Sarawak 4828 Female Santubong 1.6513308 110.3346043 14.64 6.76 108 85 29.29 
Sarawak C. saularis  Female Long Laput, Baram 3.7323872 114.4269633 13.49 5.61 97 90 30.49 
Sarawak 
C. saularis 
4789 
Female Pa Barayang, Lawas 4.4500000 115.5166670 15.15 6.28 102 97 30.66 
Sarawak 362 Female Patah, Baram 3.3482361 114.5928955 11.73 5.86 102 100 30.08 
Sarawak 1010 Female Pa Mada 3.6000000 115.5333333 12.01 5.84 113 102 28.4 
Sarawak M730 Female Long Tebangang - - 11.89 NA 100 91 29.78 
Sarawak 4799 Female Tambunan, North Borneo 5.6247585 116.3314806 12.54 5.77 100 100 30.1 
Sarawak 4809/ MU. 16 - Bario 3.7433286 115.4564809 13.95 5.96 103 86 31.64 
Sarawak MU18  - Near Long Lama 3.7632629 114.4063854 14.08 6.75 108 102 29.36 
Sarawak MU18  - Near Long Lama 3.7632629 114.4063854 13.47 5.78 103 98 28.6 
Sarawak B51.8.3 h - Lawas 4.7828439 115.2724171 15.2 5.95 105 100 29.82 
Sarawak M313 - P' Umur, Kelabit Plateau 3.7433286 115.4564809 14.59 6.64 93 82 29.47 
Sarawak C. saularis  - Long San, Baram 3.2981310 114.7829032 13.79 5.83 105 100 29.94 
Sarawak MU. 18 - Near Long Lama 3.7632629 114.4063854 14.31 6.19 109 91 31.85 
Sarawak 4910 - Santubong 1.6513308 110.3346043 15.44 6.72 105 98 28.48 
Smithsonian 472781 Male Kasiqui; North Borneo 5.9847899 116.0817575 13.99 6.09 108 105 32.66 
Smithsonian 191591 Male North Borneo; Mt. Kinabalu 6.0562340 116.4876938 14.72 7.25 109 109 31.38 
Smithsonian 472784 Male North Borneo; Inanam 5.9972314 116.1306167 14.88 6.54 108 100 30.46 
Smithsonian 211572 Male Sandakan, Borneo 5.8530592 118.0932426 NA NA 103 100 31.52 
Smithsonian 472788 Male Tuaran, North Borneo 6.1785289 116.2338495 15.49 NA 103 108 31.57 
Smithsonian 472789 Male Bukit Padang, North Borneo 5.9481360 116.1154729 14.65 6.37 107 121 29.74 
Smithsonian 472790 Male Bukit Padang, North Borneo 5.9481360 116.1154729 15.56 6.97 97 95 31.39 
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Smithsonian 472799 Male Kapayan, North Borneo 5.7161198 116.4014446 15.72 NA 108 102 30.73 
Smithsonian 472801 Male Kapayan, North Borneo 5.7161198 116.4014446 NA 6.33 108 111 32.47 
Smithsonian 472791 Male Bukit Padang, North Borneo 5.9481360 116.1154729 16.45 6.24 105 113 33.02 
Smithsonian 472795 Male Kapayan, North Borneo 5.7161198 116.4014446 15.38 6.24 113 114 31.88 
Smithsonian 472794 Male Petergas; North Borneo 5.9115864 116.0458159 16.21 6.76 102 112 NA 
Smithsonian 472804 Male Kapayan, North Borneo 5.7161198 116.4014446 14.05 6.33 112 105 30.88 
Smithsonian 472798 Male Kapayan, North Borneo 5.7161198 116.4014446 15.46 6.58 106 109 29.76 
Smithsonian 181571 Male S. E. Borneo; Klumpang Bay -3.8049067 114.7720241 14.05 NA 113 103 29.59 
Smithsonian 248012 Male Sungai Karong Musmus -0.5070302 117.1574548 14.05 8 102 96 32.28 
Smithsonian 181572 Male S. E. Borneo; Pulo Laut -3.6333504 116.1680603 15.2 NA 114 99 29 
Smithsonian 181984 Male E Borneo, Sungai Segah 2.1565874 117.4018013 13.09 6.74 102 101 30.43 
Smithsonian 248011 Male Sungai Karong Musmus -0.5070302 117.1574548 13.79 6.63 102 99 29.63 
Smithsonian 248013 Male E Borneo, Lawas 4.7828439 115.2724171 14.04 6.45 105 112 30.57 
Smithsonian 181051 Male 
W. Borneo, Kapuas River, 
Sanggan 
-3.3468652 114.6464539 13.04 6.4 111 105 31.07 
Smithsonian 178141 Male Smitaw, Kapuas 0.5500000 111.9666670 13.61 6.41 104 104 28.19 
Smithsonian 444096 Female 
N. Borneo; Menggatal Rubber 
Estate 
6.0166667 116.1500000 15.23 6.49 98 110 31.76 
Smithsonian 191592 Female Mt. Kinabalu; Borneo 6.0562340 116.4876938 13.79 NA 99 97 32.01 
Smithsonian 472778 Female North Borneo; Kasiqui 5.9847899 116.0817575 14.68 6.17 100 108 31.66 
Smithsonian 472800 Female North Borneo; Kapayan 5.7161198 116.4014446 14.15 6.24 96 98 30.62 
Smithsonian 472785 Female North Borneo; Kasiqui 5.9847899 116.0817575 16.1 6.4 104 107 29.16 
Smithsonian 472779 Female North Borneo; Kasiqui 5.9847899 116.0817575 15.17 6.29 102 99 28.3 
Smithsonian 472782 Female North Borneo; Kasiqui 5.9847899 116.0817575 14.26 6.16 107 94 29.49 
Smithsonian 472792 Female 
North Borneo; Tanjung Aru 
Beach 
5.7399364 115.9401047 16.09 6.05 85 93 29.68 
Smithsonian 472805 Female North Borneo; Ranau 5.9700000 116.6800000 14.17 6.39 98 98 29.3 
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Smithsonian 472806 Female North Borneo; Ranau 5.9700000 116.6800000 15.21 6.85 96 97 29.28 
Smithsonian 472797 Female North Borneo; Kapayan 5.7161198 116.4014446 15.24 6.74 100 96 NA 
Smithsonian 182580 Female Pulo Raboe Raboe Borneo 2.3290821 118.1315231 16.4 6.47 101 108 31.46 
Smithsonian 472793 Female North Borneo; Petergas 5.9115864 116.0458159 14.83 6.47 102 104 28.97 
Smithsonian 181982 Female Mahakkam River -0.4349214 117.0013905 14.24 NA 105 106 30.94 
Smithsonian 181574 Female S. E. Borneo; Pulo Laut -3.6333504 116.1680603 14.5 NA 112 101 30.09 
Smithsonian 181573 Female S. E. Borneo; Pulo Laut -3.6333504 116.1680603 NA NA 107 101 29.18 
Smithsonian 182906 Female Sungai Karangan 0.5500000 109.4000000 13.82 6.31 100 108 31.47 
Smithsonian 181983 Female Lo Bob Bon; Mahakkam River - - 12.8 6.23 98 97 29.04 
Smithsonian 178142 Female Smitaw; Kapuas 0.5500000 111.9666670 12.85 6.62 94 95 29.18 
WFVZ WFVZ39,748  Male 
12 Km S of KK.; E. Malaysia; 
Sabah; Kg. Maang, Penampang 
5.8605700 116.0854254 15.2 6.03 107 112 31.62 
WFVZ WFVZ39,745  Male 
Kg. Maang, Penampang, Sabah, 
E. Malaysia 
5.8605700 116.0854254 13.85 6.04 107 114 31.98 
WFVZ WFVZ39,754 Male 
E. Malaysia; Sabah; Membakut 
Beach, 60 km SW of Kota 
Kinabalu 
5.8605700 116.0854254 16.04 6.19 107 119 30.22 
 
Museum codes: AM American Museum of Natural History; LIPI Indonesian Institute of Sciences; SWK Sarawak Museum; SBH 
Sabah Museum; NHM British Natural History Museum; ZRC Raffles Museum; Smith NMNH Smithsonian; WFVZ Western 
Foundation of Vertebrate Zoology; and LSU Louisiana State University Museum of Natural Science.  
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APPENDIX VIII 
Plumage data from male Copsychus malabaricus and stricklandii from Borneo.  
 
Museum/ 
Institute 
ID Sex Name Lat Y Log X Crown 
AMNH 447769 Male Parit S Borneo -2.1666668 113.0000000 3 
AMNH 447770 Male Parit S Borneo -2.1666668 113.0000000 3 
AMNH 447771 Male Parit (Tjempaga) Sampit S Borneo -2.1666668 113.0000000 3 
AMNH 447772 Female Parit (Tjempaga) Sampit S Borneo -2.1666668 113.0000000 3 
AMNH 447773 Male Riam (Kotawaringin) SW Borneo 0.6475278 109.3965278 3 
AMNH 447774 Male Riam (Kotawaringin) SW Borneo 0.6475278 109.3965278 3 
AMNH 580357 Male Kinabalu N. Borneo 6.0562340 116.4876938 1 
AMNH 580358 Female Kinabalu N. Borneo 6.0562340 116.4876938 1 
AMNH 580359 Female Benkoka N. Borneo 6.8817351 117.2220182 1 
AMNH 580360 Male Labuan N. Borneo 5.29 115.24 2 
AMNH 580361 Male Labuan N. Borneo 5.29 115.24 2 
AMNH 580401 Male Santubong Borneo 1.7461944 110.3150278 3 
AMNH 580406 Female Balingena Sarawak Borneo (Balingian) 2.929326 112.5415421 3 
British 1935.10.22.-515 Female Dulit Creek Mt Dulit, Sarawak 3.2657188 114.5234584 3 
British 1935.10.22.-514 Male R. Tinjar Mt Dulit Sarawak 3.2657188 114.5234584 3 
British 1935.10.22.-513 Male  Long Lama/ Mt. Kalulong, Sarawak 3.7632629 114.4063854 3 
British 1932.12.21.-58 Female Mt Dulit 1000 feet  3.2657188 114.5234584 3 
British 1912.12.28.66 Female 
Moewara Tewe, Barito R., S. Cent. 
Borneo (Muara Teweh) 
-0.9480854 114.8967361 3 
British 1927.4.18.554 Male Udau Paku Saribas Sarawak 1.5434002 111.5558896 3 
British 1927.4.18.554 Female Lingit Sariba, Sarawak, Borneo 1.5550608 111.5654141 3 
193 
Museum/ 
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DMNH DMNH62393 Male 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 2 
DMNH DMNH62395 Male 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 2 
DMNH DMNH62397 Female 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 2 
DMNH DMNH62398 Female 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 1 
LIPI 25.34 Female  G Sari Kalimantan Timur -1.2677017 116.8420029 3 
LIPI 25.349 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.35 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.351 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.352 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.353 Female  Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.354 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.355 Female  Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.356 Female  Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.357 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.358 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.359 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.360 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 25.362 Male Karang Asam, Samarinda, Kalimantan  -0.5032725 117.1153682 3 
LIPI 25.363 Female  Karang Asam, Samarinda, Kalimantan  -0.5032725 117.1153682 3 
LIPI 25.364 Male Karang Asam, Samarinda, Kalimantan  -0.5032725 117.1153682 3 
LIPI 26.267 Female  Nyapa M E Borneo 1.7500000 117.4166670 3 
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LIPI 27.769 Male Tabang Kalimantan  0.4143226 116.0709858 3 
LIPI 30.000 Male Ma Rekut Busang River Barito Hulu 0.8241178 116.5525818 3 
LIPI 30.001 Male Ma Rekut Busang River Barito Hulu 0.8241178 116.5525818 3 
LIPI 3033 Male Lawas River Broenai Borneo 4.8191667 115.3980556 3 
LIPI 4579 Female  Marak M o Borneo (Tumbang Marak) -2.385318 113.4638786 3 
LIPI 18545 Female  Kahalla o Borneo -0.1303767 116.4079571 3 
LIPI 18546 Male Telen East Borneo 0.033903 116.765441 3 
LSU B47003 Male 
Malaysia Sabah Kinabalu Park 
Serinsom substation  
6.298888889 116.7066667 1 
LSU B47016 Male 
Malaysia Sabah Kinabalu Park 
Serinsom substation 
6.298888889 116.7066667 1 
LSU B50317 Male 
Malaysia Sabah Tawau Forest Reserve 
Rukuruku; 420 feet 
5.6155 117.1943333 2 
LSU B50797 Male 
Malaysia Sabah Mendolong ca 31 Km 
Sipitang 
4.916667 115.766667 1 
LSU B57052 Male 
Malaysia Sarawak Tatau District 
Samarakan 25 km from Bintulu 
2.891916667 112.8662333 3 
LSU B58158 Male 
Malaysia Sarawak Miri Division Niah 
National Park, 65 km SW Miri 
3.798398 113.7846286 3 
LSU B73450 Male 
Malaysia Sabah: P22 Ulu Tomani 
Tenom  
4.6950826 115.869627 3 
LSU B73454 Male 
Malaysia Sabah Mendulong SFI 
Station Mendulong Sipitang 
4.916667 115.766667 2 
LSU B73469 Male 
Malaysia Sabah Penampang Kampung 
Kibambangan  
5.883241 116.133428 1 
LSU B73483 Male 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman; 27 m 
7.3 117.083333 1 
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LSU B73487 Male 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman; 27 m 
7.3 117.083333 1 
LSU B73488 Male 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman; 27 m 
7.3 117.083333 1 
LSU B73490 Male 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman; 27 m 
7.3 117.083333 1 
LSU B73499 Male 
Malaysia Sabah Tawau Tawau Hills 
Park Headquaters 
4.472 117.947 1 
LSU B73541 Male 
Malaysia Limbang Division Kampung 
Pangkalan Madang 
4.6402500 114.8306667 3 
LSU B79315 Male 
Malaysia Sarawak Limbang Division 
Lawas District Kampung Ahmad 
Takong; 60 m 
4.8191667 115.3980556 3 
LSU B79468 Male 
Malaysia Sarawak Kuching Kg Sebako 
Sematan; 40 m 
1.725 109.695 3 
LSU B79484 Male 
Malaysia Sarawak Kuching Mt Kanyi 
Sipatung River 3.3 km of Kg Sebako 
Sematan; 620 m 
1.725 109.695 3 
LSU B79711 Male 
Malaysia Sarawak Kuching Mt Kanyi 
Sipatung River 3.3 km of Kg Sebako 
Sematan; 620 m 
1.725 109.695 3 
LSU B50324 Female 
Malaysia Sabah Tawau Forest Reserve 
Ulu Rukuruku 
5.6155 117.1943333 1 
LSU B51079 Female 
Malaysia Sabah Tawau Hills Park 
Headquaters 
4.472 117.947 1 
LSU B51106 Female 
Malaysia Sabah Tawau Hills Park 
Headquaters  
4.472 117.947 1 
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LSU B58198 Female 
Malaysia Bintulu Division of Bintulu-
Sibu Road, 2.2 km NE Tatau Town 
2.891916667 112.8662333 3 
LSU B61601 Female 
Malaysia Sabah Crocker Range Park 
Ulu Kimanis 53.5 km S of Kota 
Kinabalu; 550 m 
5.504722222 116.0133333 2 
LSU B61632 Female 
Malaysia Sabah Crocker Range Park 
Ulu Kimanis 53.5 km S of Kota 
Kinabalu; 550 m 
5.504722222 116.0133333 1 
LSU B73485 Female 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman 
7.3 117.083333 2 
LSU B73489 Female 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman 
7.3 117.083333 1 
LSU B73496 Female 
Malaysia Sabah Tawau Hills Park 
Headquaters  
4.472 117.947 1 
LSU B73498 Female 
Malaysia Sabah Tawau Hills Park 
Headquaters 
4.472 117.947 1 
LSU B73537 Female 
Malaysia Sarawak Limbang Bukit 
Hitam; 24 m 
4.728766667 114.9950333 3 
LSU B79247 Female 
Malaysia Limbang Division Kampung 
Pangkalan Madang 
4.6402500 114.8306667 3 
LSU B79287 Female 
Malaysia Sarawak Limbang Division 
Lawas District Kampung Ahmad 
Takong; 60 m 
4.8191667 115.3980556 3 
LSU B79312 Female 
Malaysia Sarawak Limbang Lawas 
Kampung Gaya Lama; 18 m 
4.8191667 115.3980556 3 
LSU B79317 Female 
Malaysia Sarawak Limbang Lawas 
Kampung Gaya Lama; 18 m 
4.8191667 115.3980556 3 
Raffles ZRC.3.22483 Female Jesselton, North Borneo 5.9847899 116.0817575 2 
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Raffles ZRC.3.22484 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22485 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22486 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22487 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22488 Male Banguey Island, North Borneo 7.2058130 117.1204376 2 
Raffles ZRC.3.22489 Female Banguey Island, North Borneo 7.2058130 117.1204376 1 
Raffles ZRC.3.22491 Female Banguey Island, North Borneo 7.2058130 117.1204376 1 
Raffles ZRC.3.22492 Male Banguey Island, North Borneo 7.2058130 117.1204376 1 
Raffles ZRC.3.22493 Male Banguey Island, North Borneo 7.2058130 117.1204376 1 
Raffles ZRC.3.22495 Male Rayoh, North Borneo 5.2094251 115.8803986 1 
Raffles ZRC.3.22496 Male Weston, B, NB 5.2101517 115.6072425 1 
Raffles ZRC.3.22497 Female Kuching 1.5500000 110.3400000 3 
Raffles ZRC.3.22498 Male S. Pelanduk, Paku, Saribas 1.5135554 111.5175176 3 
Raffles ZRC.3.22499 Male Anyut, Paku, Saribas, Sarawak 1.563333333 111.55 3 
Raffles ZRC.3.22500 Female Anyut, Paku, Saribas, Sarawak 1.563333333 111.55 3 
Raffles ZRC.3.22501 Male S. Paku, Paku Saribas, Sarawak 1.59938 111.42345 3 
Raffles ZRC.3.22502 Female S. Paku, Paku Saribas, Sarawak 1.59938 111.42345 3 
Raffles ZRC.3.22503 Male Saribas, Sarawak 1.6219726 111.2747347 3 
Raffles ZRC.3.22506 Male Long Akas, Baram 3.316404 114.792839 3 
Raffles ZRC.3.22507 Male Lepu Aga, Umar, Baram 3.0952217 113.9458394 3 
Raffles ZRC.3.22599 Male Maratua island, Dutch Borneo 2.2376359 118.607111 1 
Raffles ZRC.3.22602 Female Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22603 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22604 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22607 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
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Raffles ZRC.3.22608 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 2 
Raffles ZRC.3.22609 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22610 Female Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22611 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22612 Female Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22613 Male Bettotam, Sandakan, Borneo 5.7833330 117.8666670 1 
Raffles ZRC.3.22614 Male Rayoh, North Borneo 5.2094251 115.8803986 2 
Raffles ZRC.3.22615 Female 
Kabayo near Mt Kinabalu, North 
Borneo 
6.2000000 116.4666667 1 
Sabah 17 Male Telupid-Sandakan 5.6354608 117.128334 1 
Sabah 158 Female Ulu Kimanis 5.521527 116.022299 2 
Sabah 212 Male Camp II Danum Valley, Ulu Segama 5.0429799 117.3942381 2 
Sabah 486 (MS. A 9) Female Kampong Pandansan, Kota Belud 6.467149 116.531082 1 
Sabah 897 (186) Male Ulu Balung, Quoin Hill, Tawau Sabah 4.415517 118.0214452 2 
Sabah 749 Male Kpg Muruk Ranau 5.9559258 116.7577547 1 
Sabah 750 Female Kg. Muruk Ranau 5.9559258 116.7577547 1 
Sabah 803 Male Gomantong, Sandakan, North Borneo 5.4825418 118.111825 1 
Sabah 927 Female Ulu Dusun, Sandakan 5.7863976 117.7673247 2 
Sabah 938 Female Ulu Dusun, Sandakan 5.7863976 117.7673247 1 
Sabah 947 Female 
Agric St. Gumgum, Sandakan (Ulu 
Dusun) 
5.7863976 117.7673247 2 
Sabah 2222 Female Ulu Samuran, Sepulut 4.664458 116.605711 1 
Sabah 2227 Male Ulu Samuran, Sepulut 4.664458 116.605711 1 
Sabah 2248 Male Simatuoh, Sepulut 6.467149 116.531082 2 
Sabah 2260 Female Samatuoh, Sepulut 6.467149 116.531082 1 
Sabah 2270 Female Simatuoh, Sepulut 6.467149 116.531082 1 
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Sabah 2349 Female Telupid 5.659366 117.1341705 1 
Sabah 2357 Male Baturung, Lahad Datu 4.7 118.016 1 
Sabah 2358 Female Baturung, Lahad Datu 4.7 118.016 1 
Sabah 2364 Male Baturung, Lahad Datu 4.7 118.016 1 
Sabah 2395 Female Silabukan, Lahad Datu 4.6402500 114.8306667 2 
Sabah 2873 Male Mempakul  5.2957408 115.3474518 2 
Sabah 4677 Female Maliau Basin, Tawau  4.8130602 116.8786925 2 
Sabah 4893 Female 
Danum Valley Field Center, Lahad 
Datu 
5.0429799 117.3942381 1 
Sabah 4939 Female 
Crocker Range, ca 15 km NW 
Keningau 
4.9166670 115.7666670 2 
Sabah 5001 Male Hutan Simpan Sg. Telekoson, Tenom 4.7105657 115.9524536 1 
Sabah 5095 Female Mendolong, 31 km SE Sipitang 4.916667 115.766667 2 
Sabah 5211 Female Sabah Park Balung F. R. Tawau 4.324512 118.081312 1 
Sarawak M25/ 4666 Male Kota Batu Brunei 4.9175431 114.9690056 3 
Sarawak  - Male Pa Bangar 3.6 115.55 3 
Sarawak ee Female Tapuh 0.933333 110.583333 3 
Sarawak  - Female Telok Tamba, Santubong 1.7461944 110.3150278 3 
Sarawak B59.1.aa Male Belaga 2.6630964 114.2026233 3 
Sarawak K.33 Male Niah, Sabis Forest Reserve 3.798398 113.7846286 3 
Sarawak 21/50 Male Lawas 4.8191667 115.3980556 3 
Sarawak B1.9.1 cc Male Limbang 4.75 115 3 
Sarawak B51.9.1 c Male Baram 4.5623720 114.0734589 3 
Sarawak B51.9.1 e Male Kuching 1.5500000 110.3400000 3 
Sarawak B51.9.1 f Male Limbang 4.75 115 3 
Sarawak B51.9.1 g Male Limbang 4.75 115 3 
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Sarawak B51.9.1 i Male 10th Mile Penrissen Road 1.5500000 110.3400000 3 
Sarawak B51.9.1 ll Male Limbang 4.75 115 3 
Sarawak B51.9.1 w Male Lundu 1.6716588 109.8536253 3 
Sarawak B51.9.1 z Male Lundu 1.6716588 109.8536253 3 
Sarawak 52/50 Male Lawas 4.8191667 115.3980556 3 
Sarawak 53/50 Male Lawas 4.8191667 115.3980556 3 
Sarawak B51.9.2 c Female Lundu 1.6716588 109.8536253 3 
Sarawak 63/50 Male Lawas 4.8191667 115.3980556 3 
Sarawak 69/50 Male Lawas 4.8191667 115.3980556 3 
Sarawak B51.9. 1a Male Baram 4.5623720 114.0734589 3 
Sarawak 5 Male Santubong  1.7461944 110.3150278 3 
Sarawak 7 Female Santubong 1.7461944 110.3150278 3 
Sarawak 76.7.28.63 Female Sibu 2.3 111.83 3 
Sarawak 81.5.1.438 Male Banjermassing Borneo -3.33 114.59 3 
Sarawak 139 dd Male L Nibong Tinjar 4.1565627 114.3142462 3 
Sarawak 171 Female Usun Apau Besping  2.898466 114.6782112 3 
Sarawak 173 Male Dapoi 3.233333 114.45 3 
Sarawak 361 Female Patah, Baram 3.3510000 114.6000000 3 
Sarawak 386 (a) g.g.  Male L. Buroi 3.1666667 114.4833333 3 
Sarawak Cat. 386 (a) hh Male Santubong  1.7461944 110.3150278 3 
Sarawak Cat. 386 (a) ii Male Santubong 1.7461944 110.3150278 3 
Sarawak Cat. 386 (a) kk Male N. Delok. L. Antu  1.2374535 112.0338106 3 
Sarawak A5 Cat. 386 (a) ll Female N. Delok. L. Antu  1.2374535 112.0338106 3 
Sarawak Cat. 386 (a) Female Lubok Antu  1.0455099 111.8346834 3 
Sarawak 533 Male Usun Apou Plateu 2.898466 114.6782112 3 
Sarawak 535 Female Usun Apou Plateu 2.898466 114.6782112 3 
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Sarawak X/K 790 Male Long Peluan, Ulu Baram 3.2613458 115.4071228 3 
Sarawak 2401 Male Keningau, North Borneo 5.3500000 116.1500000 1 
Sarawak 4634 Female Similajau 3.4064497 113.2256555 3 
Sarawak 4635 Male 13th mile Matang Road 1.5449421 110.2876550 3 
Sarawak 4638 Male Kota Batu Brunei 4.9175431 114.9690056 3 
Sarawak 4641 Male Jukon, Paku 1.59938 111.42345 3 
Sarawak 4643 Male Kota Batu Brunei 4.9175431 114.9690056 3 
Sarawak 4644 Male Santubong, Sungai Jawong 1.7461944 110.3150278 3 
Sarawak 4645 Female Sungai Jawong 2.216667 113.033333 3 
Sarawak 4646 Male Dapoi 3.233333 114.45 3 
Sarawak 4651 Male Santubong  1.7461944 110.3150278 3 
Sarawak 4660 Male Pangkalan Batu  1.5500000 110.3400000 3 
Sarawak 4661 Female Sungai Jawong, Santubong 1.7461944 110.3150278 3 
Sarawak 4664 Male Jukon, Paku 1.59938 111.42345 3 
Sarawak 4668 Male Long Luan Usun Apou 2.898466 114.6782112 3 
Smithsonian 161745 Male Sipitang, NW Borneo 5.0769086 115.5497199 1 
Smithsonian 181567 Male Pulo Laut; S. E. Borneo -3.6333504 116.1680603 3 
Smithsonian 181568 Female S. E. Borneo; Pulo Laut -3.6333504 116.1680603 3 
Smithsonian 181569 Male T. Jantung; S. E. Borneo -2.0375343 115.6311035 3 
Smithsonian 181658 Male 
Pulo Bauwal, S. W. Borneo (Pulo 
Bawal) 
-1.4390577 112.5109863 3 
Smithsonian 181703 Male Balik Papan Bay, E. Borneo -1.26 116.83 3 
Smithsonian 181872 Male Segah River; East Borneo 2.249945 116.700082 3 
Smithsonian 181971 Male Segah River; East Borneo 2.249945 116.700082 3 
Smithsonian 182576 Female Sungai Mengame  -2.9702988 113.2629275 3 
Smithsonian 182577 Male Sungai Mengame  -2.9702988 113.2629275 3 
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Smithsonian 182908 Female Sungai Karangan 1.3 117.7 3 
Smithsonian 182909 Male Sungai Karangan 1.3 117.7 3 
Smithsonian 472774 - North Borneo; Jesselton 5.9847899 116.0817575 1 
Smithsonian 472775 - North Borneo; Ranau 5.9700000 116.6800000 1 
Smithsonian 472776 - North Boreno; Ranau 5.9700000 116.6800000 1 
Smithsonian 483420 Female 
North Borneo; Tawau Residency; 12 
min N. Kalabakan 
4.4004125 117.4952602 1 
Smithsonian 483421 Male North Borneo, Tenom 5.1190701 115.9422397 2 
WFVZ WFVZ39772 Male 
Sabah Softwood Plantation 75 km NW 
of Tawau Sabah E Malaysia; 250 m  
4.4455964 117.7097082 1 
WFVZ WFVZ39762 Male East Malaysia Sabah Kpg Megatai 5.65 116.3166667 1 
WFVZ WFVZ39778 Male 
E Malaysia Sabah Km W of Tawau 
Impak River; 200m 
4.26 117.88 1 
WFVZ WFVZ39779 Male 
E Malaysia Sabah Km W of Tawau 
Impak River; 200m 
4.26 117.88 1 
WFVZ WFVZ39780 Male East Malaysia Sabah 20 km SE of Sook 5.266666667 116.5166667 1 
WFVZ WFVZ39784 Male East Malaysia Sabah 20 km SE of Sook 5.266666667 116.5166667 1 
WFVZ WFVZ39767 Female 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 2 
WFVZ WFVZ39777 Female 
E Malaysia Sabah Km W of Tawau 
Impak River; 200m 
4.26 117.88 2 
WFVZ WFVZ39781 Female 
East Malaysia Sabah Sungai Labau 
near Sook 
5.266666667 116.5166667 2 
WFVZ WFVZ39785 Female E Malaysia Sabah 75 km NW of Tawau  4.26 117.88 2 
WFVZ WFVZ39786 Female 
East Malaysia Sabah Lahad Datu Bole 
R 55 km E of Silam  
4.9578403 118.1513071 1 
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WFVZ WFVZ39787 Female 
Sabah Softwood Plantation 75 km NW 
of Tawau Sabah E Malaysia; 250 m  
4.4455964 117.7097082 1 
WFVZ WFVZ39788 Female 
Sabah Softwood Plantation 75 km NW 
of Tawau Sabah E Malaysia; 250 m  
4.4455964 117.7097082 2 
WFVZ WFVZ39792 Female E Malaysia Sabah 75 km NW of Tawau  4.26 117.88 1 
WFVZ WFVZ39793 Female East Malaysia Sabah Salwangan Baru 5.3 115.8 1 
WFVZ WFVZ 39776 Male 
East Malaysia Sabah Lahad Datu Bole 
R 55 km E of Silam  
4.9578403 118.1513071 1 
 
Museum codes: AM American Museum of Natural History; LIPI Indonesian Institute of Sciences; SWK Sarawak Museum; SBH 
Sabah Museum; NHM British Natural History Museum; ZRC Raffles Museum; Smith NMNH Smithsonian; WFVZ Western 
Foundation of Vertebrate Zoology; and LSU Louisiana State University Museum of Natural Science.  
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APPENDIX IX 
Morphometric data of male Copsychus malabaricus and stricklandii from Borneo.  
 
Museum/ 
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Catalog # Location Lat Y Log X Sex 
Bill 
length 
Bill 
height 
Wing 
lenghth 
Tail 
length 
Tarsus 
length 
AMNH 49679 NA - - Female 10.98 5.44 92 106 23.5 
AMNH 413966 NA - - Male 11.28 5.58 100 133 24.99 
AMNH 447769 Parit S Borneo -2.1666668 113.0000000 Male 11.24 NA 100 140 26.82 
AMNH 447770 Parit S Borneo -2.1666668 113.0000000 Male NA 5.98 94 140 24.66 
AMNH 447771 Parit (Tjempaga) Sampit S Borneo -2.1666668 113.0000000 Male NA 5.63 100 150 NA 
AMNH 447772 Parit (Tjempaga) Sampit S Borneo -2.1666668 113.0000000 Female NA NA 92 128 25.4 
AMNH 447773 Riam (Kotawaringin) SW Borneo 0.6475278 109.3965278 Male 11.62 5.74 97 138 27.62 
AMNH 447774 Riam (Kotawaringin) SW Borneo 0.6475278 109.3965278 Male 12.35 NA 94 145 25.31 
AMNH 580357 Kinabalu N. Borneo 6.0562340 116.4876938 Male 11.2 5.85 99 116 28.53 
AMNH 580358 Kinabalu N. Borneo 6.0562340 116.4876938 Female NA NA 92 105 25.83 
AMNH 580359 Benkoka N. Borneo 6.8817351 117.2220182 Female 11.05 4.96 97 113 26.43 
AMNH 580360 Labuan N. Borneo 5.29 115.24 Male 13.06 NA 102 134 28.85 
AMNH 580361 Labuan N. Borneo 5.29 115.24 Male 12.98 5.36 102 140 28.5 
AMNH 580401 Santubong Borneo 1.7461944 110.3150278 Male 12.4 5.58 100 135 28.49 
AMNH 580402 NA - - Male 11.75 5.42 97 - NA 
AMNH NA NA - - Male 11.58 5.4 93 138 NA 
AMNH 580405 NA - - Female 11.04 5.48 95 112 26.84 
AMNH 580406 
Balingena Sarawak Borneo 
(Balingian) 
2.929326 112.5415421 Female 12.56 5.79 94 123 27.79 
AMNH 580407 NA - - Female 12.07 NA 98 145 26.4 
British NA Brunei 4.9175431 114.9690056 - 11.75 5.05 101 150 27.26 
British 1912.12.28.65 Pocrock Tjahoe, Central Borneo - - Male 12.66 5.73 97 153 24.41 
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British 1912.12.28.66 
Moewara Tewe, Barito R., S. Cent. 
Borneo 
-0.9480854 114.8967361 Female 13.43 5.9 101 149 27.24 
British 1927.4.18.554 Udau Paku Saribas Sarawak 1.5434002 111.5558896 Male 12.65 NA 102 150 26.39 
British 1927.4.18.554 Lingit Sariba, Sarawak, Borneo 1.5550608 111.5654141 Female 11.87 5.26 94 102 22.73 
British 1927.4.18.555 
Paku Saribas Samarahan, Sarawak, 
Borneo  
1.59938 111.42345 - 11.54 NA 97 156 26.06 
British 1927.4.18.556 S. Paku, Saribas, Sarawak 1.59938 111.42345 Male 12.42 6.19 102 157 24.55 
British 1932.12.21.-57 Baram 4.562372 114.0734589 - 10.53 5.19 97 102 26.57 
British 1932.12.21.-58 Mt Dulit 1000 feet  3.2657188 114.5234584 Female 12.18 5.16 82 99 24.41 
British 1935.10.22.-513  Long Lama/ Mt. Kalulong, Sarawak 3.7632629 114.4063854 Male 11.72 5.36 102 150 25.77 
British 1935.10.22.-514 R. Tinjar Mt Dulit Sarawak 3.2657188 114.5234584 Male 13.43 5.55 98 140 24.77 
British 1935.10.22.-515 Dulit Creek Mt Dulit, Sarawak 3.2657188 114.5234584 Female 11.58 5.07 88 98 25.64 
British 45.10.2.20 Borneo - - - 13.71 5.59 112 155 26.2 
British 50.10.24.24 Borneo - - - 11.98 5.85 102 136 24.92 
British 73.5.12.718 Sarawak - - Male 10.78 5.56 97 155 26.63 
British 73.5.12.719 Banjarmasin - - - 10.88 5.01 95 125 24.34 
British 76.7.28.62 NA - - Male 13.18 5.64 96 130 26.24 
British 76.7.28.63 Sibu - - Female 11.11 5.02 89 104 23.88 
British 79.5.3.19 Jagora Road - - Male 11.09 5.06 96 128 24.78 
British 81.5.1.438 Banjermassing Borneo - - Male 10.63 5.37 89 107 23.79 
British 81.5.1.461 Borneo - - - 10.46 5.03 92 115 25.34 
British 88.4.20.205 Marup - - Male 12.85 5.52 105 153 25.63 
British 89.1.17.16 Baram 4.562372 114.0734589 - 13.08 5.05 93 101 27.22 
DMNH DMNH62393 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 Male 12.02 5.34 87 104 24.32 
DMNH DMNH62394 
Gaya Island, Kota Kinabalu Sabah E 
Malaysia 
6.01917 116.57501 Male 13.2 5.93 98 131 25.36 
DMNH DMNH62395 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 Male 11.13 5.42 100 139 26.82 
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DMNH DMNH62397 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 Female 10.56 5.16 85 98 26.59 
DMNH DMNH62398 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 Female 10.34 5.33 90 95 25.29 
LIPI 25.34 G Sari Kalimantan Timur -1.2677017 116.8420029 Female 11.9 5.08 90 104 25.54 
LIPI 25.349 Tabang Kalimantan  0.4143226 116.0709858 Male NA NA 97 NA 28.28 
LIPI 25.35 Tabang Kalimantan  0.4143226 116.0709858 Male 11.82 NA 97 90 26 
LIPI 25.351 Tabang Kalimantan  0.4143226 116.0709858 Male 12.28 NA 97 115 25.6 
LIPI 25.352 Tabang Kalimantan  0.4143226 116.0709858 Male 11.87 NA 99 137 24.57 
LIPI 25.353 Tabang Kalimantan  0.4143226 116.0709858 Female 11.97 NA 95 110 25.57 
LIPI 25.354 Tabang Kalimantan  0.4143226 116.0709858 Male 11.27 NA 98 124 27.34 
LIPI 25.355 Tabang Kalimantan  0.4143226 116.0709858 Female NA NA 95 102 26.66 
LIPI 25.356 Tabang Kalimantan  0.4143226 116.0709858 Female 11.69 NA 90 97 22.87 
LIPI 25.357 Tabang Kalimantan  0.4143226 116.0709858 Male 12.15 NA 103 139 28.61 
LIPI 25.358 Tabang Kalimantan  0.4143226 116.0709858 Male 13.58 NA 97 130 26.35 
LIPI 25.359 Tabang Kalimantan  0.4143226 116.0709858 Male NA NA 98 144 25.88 
LIPI 25.360 Tabang Kalimantan  0.4143226 116.0709858 Male 12.04 NA 97 134 29.06 
LIPI 25.362 
Karang Asam, Samarinda, 
Kalimantan  
-0.5032725 117.1153682 Male 10.57 NA 95 142 24.97 
LIPI 25.363 
Karang Asam, Samarinda, 
Kalimantan  
-0.5032725 117.1153682 Female NA NA 89 96 26.77 
LIPI 25.364 
Karang Asam, Samarinda, 
Kalimantan  
-0.5032725 117.1153682 Male 13.03 NA 96 131 25.86 
LIPI 26.257 Tamarang M E Borneo     Female 12.08 5.28 91 100 25.7 
LIPI 26.267 Nyapa M E Borneo 1.7500000 117.4166670 Female 11.85 5.94 95 NA 27.05 
LIPI 27.355 Kolam, Kalimantan Tengah  0.4143226 116.0709858 Male 12.21 NA 103 162 25.46 
LIPI 27.769 Tabang Kalimantan  0.8241178 116.5525818 Male 12.14 5.76 100 138 26.26 
LIPI 30.000 Ma Rekut Busang River Barito Hulu 0.8241178 116.5525818 Male NA 5.86 93 75 27.28 
LIPI 30.001 Ma Rekut Busang River Barito Hulu 0.8241178 116.5525818 Male NA 5.88 105 155 27.03 
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LIPI 3024 Borneo  - - Female 10.58 5.5 81 106 26.02 
LIPI 3025 Borneo  - - Female 11.89 5.38 92 104 26.07 
LIPI 3032 Nd Ned Borneo - - Male 12.66 5.88 103 142 NA 
LIPI 3033 Lawas River Broenai Borneo 4.8191667 115.3980556 Male 12.58 NA 102 NA 25.47 
LIPI 3923 
Labanghara Serawai Ris Central 
Borneo  
- - Male NA NA 103 151 28.85 
LIPI 4383 Long Petah  - - Female 11.28 5.44 98 99 24.44 
LIPI 4579 Marak M o Borneo -2.385318 113.4638786 Female 12.81 5.4 89 99 25.06 
LIPI 8310 Ngara West Borneo  - - Male 12.62 5.44 97 130 26.11 
LIPI 18545 Kahalla o Borneo -0.1303767 116.4079571 Female 10.84 NA 91 105 23.54 
LIPI 18546 Telen East Borneo 0.033903 116.765441 Male 12.71 NA 102 131 26.68 
LSU B47003 
Malaysia Sabah Kinabalu Park 
Serinsom substation  
6.298888889 116.7066667 Male 10.84 4.9 100 118 28.4 
LSU B47016 
Malaysia Sabah Kinabalu Park 
Serinsom substation 
6.298888889 116.7066667 Male 13.24 5.91 94 121 26.43 
LSU B50317 
Malaysia Sabah Tawau Forest 
Reserve Rukuruku; 420 feet 
5.6155 117.1943333 Male 12.27 5.43 105 140 27.62 
LSU B50324 
Malaysia Sabah Tawau Forest 
Reserve Ulu Rukuruku 
5.6155 117.1943333 Female 11.31 5.1 87 95 24 
LSU B50797 
Malaysia Sabah Mendolong ca 31 
Km Sipitang 
4.916667 115.766667 Male 11.33 5.15 94 139 26.87 
LSU B51079 
Malaysia Sabah Tawau Hills Park 
Headquaters 
4.472 117.947 Female 11.29 5.28 86 100 24.71 
LSU B51106 
Malaysia Sabah Tawau Hills Park 
Headquaters  
4.472 117.947 Female juvenile     
LSU B57052 
Malaysia Sarawak Tatau District 
Samarakan 25 km from Bintulu 
2.891916667 112.8662333 Male 11.38 5.71 102 135 27.27 
LSU B58158 
Malaysia Sarawak Miri Division 
Niah National Park, 65 km SW Miri 
3.798398 113.7846286 Male 12.63 5.79 103 155 29.37 
LSU B58198 
Malaysia Bintulu Division of 
Bintulu-Sibu Road, 2.2 km NE 
Tatau Town 
2.891916667 112.8662333 Female 11.79 5.27 90 105 25.67 
LSU B73450 
Malaysia Sabah: P22 Ulu Tomani 
Tenom  
4.6950826 115.869627 Male 11.79 5.91 104 111 26.02 
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LSU B61601 
Malaysia Sabah Crocker Range Park 
Ulu Kimanis 53.5 km S of Kota 
Kinabalu; 550 m 
5.504722222 116.0133333 Female 11.58 5.4 89 NA 24.51 
LSU B61632 
Malaysia Sabah Crocker Range Park 
Ulu Kimanis 53.5 km S of Kota 
Kinabalu; 550 m 
5.504722222 116.0133333 Female 11.2 5.34 92 100 23.87 
LSU B73454 
Malaysia Sabah Mendulong SFI 
Station Mendulong Sipitang 
4.916667 115.766667 Male 12.56 5.35 102 135 27.67 
LSU B73469 
Malaysia Sabah Penampang 
Kampung Kibambangan  
5.883241 116.133428 Male 13.72 5.43 103 146 28.21 
LSU B73483 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman; 27 m 
7.3 117.083333 Male 12.16 5.58 100 122 26.87 
LSU B73485 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman  
7.3 117.083333 Female 12.18 5.81 95 114 24.63 
LSU B73487 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman; 27 m 
7.3 117.083333 Male 12.98 5.46 100 127 26.9 
LSU B73488 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman; 27 m 
7.3 117.083333 Male 11.36 5.55 105 134 24.85 
LSU B73489 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman  
7.3 117.083333 Female 12.18 5.21 92 108 26.19 
LSU B73490 
Malaysia Sabah Kudat Banggi 
Kampung Kalangkaman; 27 m 
7.3 117.083333 Male 12.28 5.73 103 136 28.69 
LSU B73496 
Malaysia Sabah Tawau Hills Park 
Headquaters 
4.472 117.947 Female 12.25 5.12 92 97 27.65 
LSU B73498 
Malaysia Sabah Tawau Hills Park 
Headquaters 
4.472 117.947 Female 12.17 5.18 84 97 26.59 
LSU B73499 
Malaysia Sabah Tawau Tawau Hills 
Park Headquaters 
4.472 117.947 Male 13.99 5.49 103 134 28.32 
LSU B73537 
Malaysia Sarawak Limbang Bukit 
Hitam; 24 m 
4.728766667 114.9950333 Female 11.63 5.22 95 115 27.96 
LSU B73541 
Malaysia Limbang Division 
Kampung Pangkalan Madang 
4.6402500 114.8306667 Male 11.87 6.4 101 138 27.12 
LSU B79247 
Malaysia Limbang Division 
Kampung Pangkalan Madang 
4.6402500 114.8306667 Female 12.04 5.61 93 99 26.24 
LSU B79287 
Malaysia Sarawak Limbang 
Division Lawas District Kampung 
Ahmad Takong; 60 m 
4.8191667 115.3980556 Female 11.49 5.15 95 113 27.21 
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LSU B79312 
Malaysia Sarawak Limbang Lawas 
Kampung Gaya Lama; 18 m 
4.8191667 115.3980556 Female 11.36 5.4 89 NA 26.68 
LSU B79315 
Malaysia Sarawak Limbang 
Division Lawas District Kampung 
Ahmad Takong ; 60 m 
4.8191667 115.3980556 Male 12.83 5.31 104 107 26.33 
LSU B79317 
Malaysia Sarawak Limbang Lawas 
Kampung Gaya Lama; 18 m 
4.8191667 115.3980556 Female 12.78 5.68 94 100 24.88 
LSU B79468 
Malaysia Sarawak Kuching Kg 
Sebako Sematan; 40 m 
1.725 109.695 Male 11.47 5.18 108 160 27.61 
LSU B79484 
Malaysia Sarawak Kuching Mt 
Kanyi Sipatung River 3.3 km of Kg 
Sebako Sematan; 620 m 
1.725 109.695 Male 13.63 5.83 98 157 26.99 
LSU B79711 
Malaysia Sarawak Kuching Mt 
Kanyi Sipatung River 3.3 km of Kg 
Sebako Sematan; 620 m 
1.725 109.695 Male 13 5.74 92 116 28.44 
Raffles ZRC.3.22483 Jesselton, North Borneo 5.9847899 116.0817575 Female 11.97 5.51 94 108 26.91 
Raffles ZRC.3.22484 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 11.48 5.55 96 131 28.59 
Raffles ZRC.3.22485 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 11.77 NA 96 121 27.36 
Raffles ZRC.3.22486 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 13.57 5.34 96 138 26.41 
Raffles ZRC.3.22487 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 12.47 NA 101 128 26.96 
Raffles ZRC.3.22488 Banguey Island, North Borneo 7.2058130 117.1204376 Male 13.1 5.75 91 109 23.67 
Raffles ZRC.3.22489 Banguey Island, North Borneo 7.2058130 117.1204376 Female 11.39 NA 96.00 103 25.57 
Raffles ZRC.3.22491 Banguey Island, North Borneo 7.2058130 117.1204376 Female 11.18 NA 100.00 102 24.38 
Raffles ZRC.3.22492 Banguey Island, North Borneo 7.2058130 117.1204376 Male 10.87 5.79 99 123 28 
Raffles ZRC.3.22493 Banguey Island, North Borneo 7.2058130 117.1204376 Male 12.38 6.42 102 138 26.36 
Raffles ZRC.3.22495 Rayoh, North Borneo 5.2094251 115.8803986 Male 11.46 5.64 103 128 29.26 
Raffles ZRC.3.22496 Weston, B, NB 5.2101517 115.6072425 Male 11.41 5.74 103 139 29.8 
Raffles ZRC.3.22497 Kuching 1.5500000 110.3400000 Female 11.12 - 90 119 26.45 
Raffles ZRC.3.22498 S. Pelanduk, Paku, Saribas 1.5135554 111.5175176 Male 12.25 NA 98 152 28.18 
Raffles ZRC.3.22499 Anyut, Paku, Saribas, Sarawak 1.563333333 111.55 Male 12.23 5.68 100 145 26.41 
Raffles ZRC.3.22500 Anyut, Paku, Saribas, Sarawak 1.563333333 111.55 Female 11.89 5.64 97 115 25.36 
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Raffles ZRC.3.22501 S. Paku, Paku Saribas, Sarawak 1.59938 111.42345 Male - - 101 153 26 
Raffles ZRC.3.22502 S. Paku, Paku Saribas, Sarawak 1.59938 111.42345 Female 12.1 5.55 92 121 22.54 
Raffles ZRC.3.22503 Saribas, Sarawak 1.6219726 111.2747347 Male - - 108 145 25.32 
Raffles ZRC.3.22506 Long Akas, Baram 3.316404 114.792839 Male 11.07 5.74 102 140 28.8 
Raffles ZRC.3.22507 Lepu Aga, Umar, Baram 3.0952217 113.9458394 Male 12.19 6.06 100 150 26.83 
Raffles ZRC.3.22599 Maratua island 2.2376359 118.607111 Male 12.01 6 115 145 31.61 
Raffles ZRC.3.22602 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Female 12.17 5.42 93 110 24.99 
Raffles ZRC.3.22603 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 12.85 5.96 99 145 27.13 
Raffles ZRC.3.22604 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 12.51 5.65 103 133 27.68 
Raffles ZRC.3.22607 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 11.92 NA 100 140 26.62 
Raffles ZRC.3.22608 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 11.63 5.75 102 149 27.93 
Raffles ZRC.3.22609 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 11.72 5.99 100 116 25.93 
Raffles ZRC.3.22610 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Female 12.48 5.93 95 115 24.67 
Raffles ZRC.3.22611 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 11.05 5.73 95 111 25.76 
Raffles ZRC.3.22612 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Female 11.69 5.37 92 109 26.64 
Raffles ZRC.3.22613 Bettotam, Sandakan, Borneo 5.7833330 117.8666670 Male 12.74 5.88 100 118 27.91 
Raffles ZRC.3.22614 Rayoh, North Borneo 5.2094251 115.8803986 Male 12.38 5.44 106 125 27.68 
Raffles ZRC.3.22615 
Kabayo near Mt Kinabalu, North 
Borneo 
6.2000000 116.4666667 Female - 5.28 90 108 25.53 
Sabah 17 Telupid-Sandakan 5.6354608 117.128334 Male 10.75 5.15 103 130 25.66 
Sabah 158 Ulu Kimanis 5.521527 116.022299 Female 9.47 5.3 86 98 25.76 
Sabah 198 Camp I Danum Valley, Ulu Segama 5.0429799 117.3942381 Female 9.42 5.31 87 91 23.4 
Sabah 212 
Camp II Danum Valley, Ulu 
Segama 
5.0429799 117.3942381 Male 11.59 5.48 102 125 27.85 
Sabah 261 Kunatong - - Male 11.92 6.15 107 105 27.64 
Sabah 749 Kpg Muruk Ranau 5.9559258 116.7577547 Male 11.47 5.57 97 59 25.77 
Sabah 750 Kg. Muruk Ranau 5.9559258 116.7577547 Female 11.29 5.37 100 122 27.49 
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Sabah 927 Ulu Dusun, Sandakan 5.7863976 117.7673247 Female 10.03 5.69 89 103 24.46 
Sabah 938 Ulu Dusun, Sandakan 5.7863976 117.7673247 Female 11.12 5.6 95 97 23.33 
Sabah 947 Agric St. Gumgum, Sandakan 5.7863976 117.7673247 Female 11.54 5.9 90 98 25.09 
Sabah 2222 Ulu Samuran, Sepulut 4.664458 116.605711 Female 10.38 5.76 91 101 25.67 
Sabah 2227 Ulu Samuran, Sepulut 4.664458 116.605711 Male 10.19 5.82 98 140 25.77 
Sabah 2248 Simatuoh, Sepulut 6.467149 116.531082 Male 11.09 5.54 95 100 28.26 
Sabah 2260 Samatuoh, Sepulut 6.467149 116.531082 Female 11.37 5.81 95 99 25.23 
Sabah 2270 Simatuoh, Sepulut 6.467149 116.531082 Female 11.97 5.03 92 90 24.56 
Sabah 2349 Telupid 5.659366 117.1341705 Female 10.19 5.19 90 102 26.24 
Sabah 2357 Baturung, Lahad Datu 4.7 118.016 Male 11.53 5.64 103 126 25.63 
Sabah 2358 Baturung, Lahad Datu 4.7 118.016 Female 11.07 5.43 93 100 28.37 
Sabah 2364 Baturung, Lahad Datu 4.7 118.016 Male 10.84 5.64 101 129 25.87 
Sabah 2395 Silabukan, Lahad Datu 4.6402500 114.8306667 Female 9.79 5.7 90 76 26.5 
Sabah 2873 Mempakul  5.2957408 115.3474518 Male 10.73 5.86 102 131 27.82 
Sabah 4561 Bukit Lumutan, Pensiangan 4.61605 116.3761 - 11.62 5.6 98 121 26.45 
Sabah 4677 Maliau Basin, Tawau  4.8130602 116.8786925 Female 9.85 5.39 89 98 27.5 
Sabah 4893 
Danum Valley Field Center, Lahad 
Datu 
5.0429799 117.3942381 Female 11.12 5.29 89 91 25.5 
Sabah 4939 
Crocker Range, ca 15 km NW 
Keningau 
4.9166670 115.7666670 Female 10.57 5.06 90 79 25.93 
Sabah 4970 
Imbak Valley, ca 60 Km South of 
Telupid 
5.5181732 118.1776142 - 11.99 5.7 100 130 27.64 
Sabah 5001 
Hutan Simpan Sg. Telekoson, 
Tenom 
4.7105657 115.9524536 Male 11.43 5.74 106 141 27.12 
Sabah 5095 Mendolong, 31 km SE Sipitang 4.916667 115.766667 Female 11.24 5.68 91 99 25.25 
Sabah 5211 Sabah Park Balung F. R. Tawau 4.324512 118.081312 Female 10.32 5.92 92 101 26.55 
Sabah 486 (MS. A 9) Kampong Pandansan, Kota Belud 6.467149 116.531082 Female 10.68 5.59 89 101 24.87 
Sabah 803 
Gomantong, Sandakan, North 
Borneo 
5.5181732 118.1776142 Male 11.67 6.04 102 123 27.09 
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Sabah 897 (186) 
Ulu Balung, Quoin Hill, Tawau 
Sabah 
4.415517 118.0214452 Male 10.66 5.56 100 117 27.14 
Sarawak 5 Santubong  1.7461944 110.3150278 Male 12.5 5.42 103 128 25.44 
Sarawak 7 Santubong 1.7461944 110.3150278 Female 10.73 5.01 89 102 26.22 
Sarawak 171 Usun Apau Besping  2.898466 114.6782112 Female 10.11 5.23 91 108 25.36 
Sarawak 173 Dapoi 3.233333 114.45 Male 13.37 5.8 110 155 28.33 
Sarawak 174 Beroi - - Male 11.92 6.6 108 80 26.67 
Sarawak 233 Buya - - Male 12.69 5.85 103 140 25.47 
Sarawak 361 Patah, Baram 3.3510000 114.6000000 Female 10.19 4.96 92 101 23.4 
Sarawak 533 Usun Apou Plateu 2.898466 114.6782112 Male 11.97 5.89 100 140 23.91 
Sarawak 535 Usun Apou Plateu 2.898466 114.6782112 Female 10.32 5.69 91 97 23.1 
Sarawak 643 NA - - Male 11.61 5.82 100 109 28.03 
Sarawak 2401 Keningau, North Borneo 5.3500000 116.1500000 Male 11.06 5.44 100 127 24.84 
Sarawak 4624 T. Sarabong  - - Male 11.36 5.36 105 100 20.62 
Sarawak 4634 Similajau 3.4064497 113.2256555 Female 10.77 5.53 105 111 24.86 
Sarawak 4635 13th mile Matang Road 1.5449421 110.2876550 Male 13.94 6.12 104 110 28.21 
Sarawak 4637 Pa Berangan, Lawas 4.8191667 115.3980556 Male 12 5.86 100 143 28.21 
Sarawak 4638 Kota Batu Brunei 4.9175431 114.9690056 Male 11.36 5.6 102 125 27.42 
Sarawak 4641 Jukon, Paku 1.59938 111.42345 Male 10.71 5.02 100 149 27.83 
Sarawak 4643 Kota Batu Brunei 4.9175431 114.9690056 Male 11.22 5.37 95 145 26.36 
Sarawak 4644 Santubong, Sungai Jawong 1.7461944 110.3150278 Male 12.05 5.36 103 151 26.74 
Sarawak 4645 Sungai Jawong 2.216667 113.033333 Female 11.04 NA 94 96 25.4 
Sarawak 4646 Dapoi 3.233333 114.45 Male 10.86 5.52 105 134 28.33 
Sarawak 4651 Santubong  1.7461944 110.3150278 Male 11.92 5.51 100 153 25.61 
Sarawak 4660 Pangkalan Batu  1.5500000 110.3400000 Male 11 5.6 99 141 25.4 
Sarawak 4661 Sungai Jawong, Santubong 1.7461944 110.3150278 Female NA NA 91 109 26.78 
Sarawak 4664 Jukon, Paku 1.59938 111.42345 Male 11.01 NA 101 143 27.89 
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Sarawak 4667 Long Lupang  - - Male 11.87 5.64 101 129 27.61 
Sarawak 4668 Long Luan Usun Apou 2.898466 114.6782112 Male 10.71 NA 94 139 29.65 
Sarawak 4676 Long Buroi Sapai, Tinjar  - - - 11.84 6.13 105 167 28.39 
Sarawak 4677 Long Buroi Dapoi  - - - 10.94 5.69 95 116 24.78 
Sarawak 139 dd L Nibong Tinjar 4.1565627 114.3142462 Male 11.65 5.89 103 153 25.92 
Sarawak 25/50 Lawas 4.8191667 115.3980556 Male NA 6.04 100 133 26.95 
Sarawak 386 (a) g.g. L. Buroi 3.1666667 114.4833333 Male 10.92 6.02 105 97 26.16 
Sarawak 386 a (ff) Borneo - - - 11.62 6.02 99 140 27.27 
Sarawak 52/50 Lawas 4.8191667 115.3980556 Male 12.41 6.1 96 150 31.16 
Sarawak 53/50 Lawas 4.8191667 115.3980556 Male 12.28 5.62 99 143 26.01 
Sarawak 63/50 Lawas 4.8191667 115.3980556 Male 11.96 5.71 102 140 28.12 
Sarawak 69/50 Lawas 4.8191667 115.3980556 Male 11.92 6.21 97 132 24.66 
Sarawak A5 Cat. 386 (a) ll N. Delok. L. Antu  1.2374535 112.0338106 Female 11.98 4.95 91 112 25.18 
Sarawak B1.9.1 cc Limbang 4.75 115 Male 10.79 5.9 104 142 25.63 
Sarawak B51.9. 1a Baram 4.5623720 114.0734589 Male 12.05 5.55 105 146 24.59 
Sarawak B51.9.1 c Baram 4.5623720 114.0734589 Male 10.61 NA 100 143 24.74 
Sarawak B51.9.1 e Kuching 1.5500000 110.3400000 Male 11.07 5.42 98 129 25.94 
Sarawak B51.9.1 f Limbang 4.75 115 Male 11.82 5.71 101 142 26.21 
Sarawak B51.9.1 g Limbang 4.75 115 Male 10.83 6.13 103 145 27.67 
Sarawak B51.9.1 i 10th Mile Penrissen Road 1.5500000 110.3400000 Male 11.02 5.85 102 164 26.66 
Sarawak B51.9.1 ll Limbang 4.75 115 Male 10.28 5.82 99 121 23.98 
Sarawak B51.9.1 w Lundu 1.6716588 109.8536253 Male 11.83 5.95 105 152 24.43 
Sarawak B51.9.1 z Lundu 1.6716588 109.8536253 Male 13.12 5.81 99 158 27.86 
Sarawak B51.9.2 c Lundu 1.6716588 109.8536253 Female 12.86 5.49 96 98 26.75 
Sarawak B59.1.aa Belaga 2.6630964 114.2026233 Male 10.97 5.55 97 140 26.7 
Sarawak Cat. 386 (a) Lubok Antu  1.0455099 111.8346834 Female 10.48 5.17 93 115 25.21 
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Sarawak Cat. 386 (a) hh Santubong  1.7461944 110.3150278 Male 12.66 5.86 105 150 25.94 
Sarawak Cat. 386 (a) ii Santubong 1.7461944 110.3150278 Male 10 5.38 105 109 26.88 
Sarawak Cat. 386 (a) kk N. Delok. L. Antu  1.2374535 112.0338106 Male 11.89 5.52 107 153 28.51 
Sarawak ee Tapuh 0.933333 110.583333 Female 11.91 5.02 102 114 22.72 
Sarawak K.33 Niah, Sabis Forest Reserve 3.798398 113.7846286 Male 10.88 5.52 96 129 26.06 
Sarawak M25/ 4666 Kota Batu Brunei 4.9175431 114.9690056 Male 10.52 5.66 102 132 26.74 
Sarawak X/K 790 Long Peluan, Ulu Baram 3.2613458 115.4071228 Male 11.13 NA 103 150 27.3 
Sarawak NA Tambak (Santubong) 1.7461944 110.3150278 - 12.46 6.14 100 132 23.99 
Sarawak NA Pa Bangar 3.6 115.55 Male 13.59 5.46 115 145 25.35 
Sarawak NA Telok Tamba, Santubong 1.7461944 110.3150278 Female 10.98 5.33 93 103 23.01 
Smithsonian 95868 N. W. Borneo - -  11.27 5.06 90 102 24.5 
Smithsonian 161745 Sipitang, NW Borneo 5.0769086 115.5497199 Male 11.63 5.6 94 117 24.82 
Smithsonian 181567 Pulo Laut; S. E. Borneo -3.6333504 116.1680603 Male 13.1 6.54 106 145 27.7 
Smithsonian 181568 S. E. Borneo; Pulo Laut -3.6333504 116.1680603 Female 11.96 6 91 108 27.93 
Smithsonian 181569 T. Jantung; S. E. Borneo -2.0375343 115.6311035 Male 12.28 5.43 115 149 27.5 
Smithsonian 181658 Pulo Bauwal, S. W. Borneo -1.4390577 112.5109863 Male 12.23 5.84 101 150 24.59 
Smithsonian 181703 Balik Papan Bay, E. Borneo -1.26 116.83 Male 12.41 5.9 104 120 27.22 
Smithsonian 181872 Segah River; East Borneo 2.249945 116.700082 Male 12.21 5.68 97 127 26.38 
Smithsonian 181971 Segah River; East Borneo 2.249945 116.700082 Male 11.77 5.41 100 133 25.69 
Smithsonian 182576 Sungai Mengame  -2.9702988 113.2629275 Female 11.15 5.58 89 107 24.32 
Smithsonian 182577 Sungai Mengame  -2.9702988 113.2629275 Male 11.93 5.77 95 130 27.25 
Smithsonian 182578 Tanjong Senglu - - Female 12.06 5.05 90 106 26.72 
Smithsonian 182907 Gunung Batu - - Male 11.84 6.07 98 145 27.06 
Smithsonian 182908 Sungai Karangan 1.3 117.7 Female 11.43 6.14 89 100 26.96 
Smithsonian 182909 Sungai Karangan 1.3 117.7 Male 12.4 6.36 99 145 28.63 
Smithsonian 248007 Sungai Ritam - - Male 11.64 5.71 89 NA 26.32 
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Smithsonian 248008 East Borneo, Lahaw - - Female 11.48 NA 87 110 24.37 
Smithsonian 248009 Lahaw - - Male 11.73 5.7 99 138 27.31 
Smithsonian 315569 Sarawak Borneo - - Male 11.69 5.66 102 169 24.28 
Smithsonian 472774 North Borneo; Jesselton 5.9847899 116.0817575  11.66 6.56 97 120 26.19 
Smithsonian 472775 North Borneo; Ranau 5.9700000 116.6800000  11.42 NA 98 130 28.28 
Smithsonian 472776 North Boreno; Ranau 5.9700000 116.6800000  11.61 6.01 90 105 25.61 
Smithsonian 483420 
North Borneo; Tawau Residency; 12 
min N. Kalabakan 
4.4004125 117.4952602 female 11.55 5.53 95 107 24.55 
Smithsonian 483421 North Borneo, Tenom 5.1190701 115.9422397 Male 11.68 5.15 104 143 26.97 
WFVZ WFVZ 39776 
East Malaysia Sabah Lahad Datu 
Bole R 55 km E of Silam  
4.9578403 118.1513071 Male 11.93 5.59 100 129 26.43 
WFVZ WFVZ39762 East Malaysia Sabah Kpg Megatai  5.65 116.3166667 Male 11.36 5.56 96 135 25.57 
WFVZ WFVZ39767 
Brumas Camp (N. Borneo Timber 
Berhad) Tawau Sabah N Borneo 
4.6309227 117.740393 Female 12.1 5.14 90 NA 24.4 
WFVZ WFVZ39772 
Sabah Softwood Plantation 75 km 
NW of Tawau Sabah E Malaysia; 
250 m  
4.4455964 117.7097082 Male 11.11 5.02 98 129 26.75 
WFVZ WFVZ39777 
E Malaysia Sabah Km W of Tawau 
Impak River; 200m 
4.26 117.88 Female 11.38 4.65 85 89 24.3 
WFVZ WFVZ39778 
E Malaysia Sabah Km W of Tawau 
Impak River; 200m 
4.26 117.88 Male 12.1 5.42 98 132 28.01 
WFVZ WFVZ39779 
E Malaysia Sabah Km W of Tawau 
Impak River; 200m 
4.26 117.88 Male 12.78 5.34 97 125 26.2 
WFVZ WFVZ39780 
East Malaysia Sabah 20 km SE of 
Sook 
5.266666667 116.5166667 Male 12.45 5.64 105 122 26.36 
WFVZ WFVZ39781 
East Malaysia Sabah Sungai Labau 
near Sook 
5.266666667 116.5166667 Female 11.5 5.67 94 111 26.22 
WFVZ WFVZ39784 
East Malaysia Sabah 20 km SE of 
Sook 
5.266666667 116.5166667 Male 12.54 5.59 101 131 27.4 
WFVZ WFVZ39787 
Sabah Softwood Plantation 75 km 
NW of Tawau Sabah E Malaysia; 
250 m  
4.4455964 117.7097082 Female 12.21 5.53 91 113 27.73 
WFVZ WFVZ39785 
E Malaysia Sabah 75 km NW of 
Tawau  
4.26 117.88 Female 11.97 5.39 85 95 25.86 
216 
Museum/ 
Institute Catalog # Location Lat Y Log X Sex 
Bill 
length 
Bill 
height 
Wing 
lenghth 
Tail 
length 
Tarsus 
length 
WFVZ WFVZ39786 
East Malaysia Sabah Lahad Datu 
Bole R 55 km E of Silam  
4.9578403 118.1513071 Female 11.57 5.23 86 104 24.6 
WFVZ WFVZ39788 
Sabah Softwood Plantation 75 km 
NW of Tawau Sabah E Malaysia; 
250 m  
4.4455964 117.7097082 Female 11.86 5.03 88 101 25.86 
WFVZ WFVZ39792 
E Malaysia Sabah 75 km NW of 
Tawau  
4.26 117.88 Female 12.82 5.44 90 103 25.39 
WFVZ WFVZ39793 
East Malaysia Sabah Salwangan 
Baru 
5.3 115.8 Female 11.42 5.12 92 98 26 
 
Museum codes: AM American Museum of Natural History; LIPI Indonesian Institute of Sciences; SWK Sarawak Museum; SBH 
Sabah Museum; NHM British Natural History Museum; ZRC Raffles Museum; Smith NMNH Smithsonian; WFVZ Western 
Foundation of Vertebrate Zoology; and LSU Louisiana State University Museum of Natural Science.  
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APPENDIX X 
Plumage data from male Copsychus saularis from Borneo and Java. 
Population 
(HIS) 
Museum/ 
Institute 
Catalog # Locality Lat Y Log X 
Rectric 
1 
Rectric 
2 
Rectric 
3 
Belly 
Undertail 
Covert 
HIS 
1-1(0) LSU LSUB79523 
Malaysia Sarawak Kuching Division 
Borneo Highland Resort 01.133*N 
110.224*E; 730 m 
1.1327778 110.2238889 0 0 0 0 0 0 
1-3(2) LSU B79344 
Malaysia Miri Division Niah District 
Suai; 3m 
3.9054167 113.7344444 0 0 0 1 1 2 
1-4(3) LSU B73550 
Malaysia Sarawak Miri Kampung 
Bidayuh Miri; 24 m 
4.3069333 113.9973333 0 0 0 2 1 3 
1-4(3) LSU B73554 
Malaysia Sarawak Miri Kampung 
Bidayuh Miri; 24 m 
4.3069333 113.9973333 0 0 1 1 1 3 
1-7(1) LSU B79313 
Malaysia Sarawak Limbang Division 
Lawas District Kampung Ahmad 
Takong; 60 m 
4.8191667 115.3980556 0 0 0 1 0 1 
1-7(3) LSU B79323 
Malaysia Sarawak Kuching Division 
Borneo Highland Resort; 730 m 
1.1327778 110.2238889 0 0 1 1 1 3 
1-7(4) LSU B79334 
Malaysia Sarawak Limbang Division 
Lawas District Merapok Kampung 
Undop; 3 m 
4.9586389 115.5720278 0 0 1 2 1 4 
1-7(2) LSU B73459 
Malaysia: Sabah, Kampung 
Mendulong, Mendulong, Sipitang 
4.9699616 115.6704998 0 0 0 1 1 2 
1-8(4) AMNH 580151 Borneo, Labuan 5.2900000 115.2400000 0 0 1 2 1 4 
1-9(4) LSU B73436 
Malaysia: Sabah, Jalan Tabuk; 
Selinsing; Klias 
5.4030840 115.6632042 0 0 1 2 1 4 
1-9(3) LSU B73439 
Malaysia: Sabah, Jalan Tabuk; 
Selinsing; Klias 
5.4030840 115.6632042 0 0 1 1 1 3 
1-10(4) Raffles ZRC34816 Benone Jesselton, Borneo 5.6939038 115.9249663 0 0 1 2 1 4 
1-10(5) Smithsonian 472781 Kasiqui; North Borneo 5.9847899 116.0817575 0 0 2 2 1 5 
1-10(7) Smithsonian 472791 Bukit Padang, North Borneo 5.9481360 116.1154729 1 1 2 2 1 7 
1-10(3) Smithsonian 472799 Kapayan, North Borneo 5.7161198 116.4014446 0 0 1 1 1 3 
1-11(4) LSU B73472 
Malaysia: Sabah; Kota Belud; 
Kampung Tamu Darat 
6.2648000 116.4579167 0 0 1 2 1 4 
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1-12(10) Raffles ZRC34805 Bettotan, N Sandakan, Borneo 5.7833330 117.8666670 2 2 2 2 2 10 
1-12(10) Smithsonian 211572 Sandakan, Borneo 5.8530592 118.0932426 2 2 2 2 2 2 
 
Museum codes: AM American Museum of Natural History; LIPI Indonesian Institute of Sciences; SWK Sarawak Museum; SBH 
Sabah Museum; NHM British Natural History Museum; ZRC Raffles Museum; Smith NMNH Smithsonian; WFVZ Western 
Foundation of Vertebrate Zoology; and LSU Louisiana State University Museum of Natural Science.  
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APPENDIX XI 
Plumage data from male Copsychus saularis from Borneo.  
Population 
(HIS) 
Museum/ 
Institute 
Catalog # Locality Lat Y Log X 
Rectric 
1 
Rectric 
2 
Rectric 
3 
Belly 
Undertail 
Covert 
HIS 
2-1(0) LSU LSUB79523 
Malaysia Sarawak Kuching 
Division Borneo Highland Resort 
01.133*N 110.224*E; 730 m 
1.1327778 110.2238889 0 0 0 0 0 0 
2-2(2) Smithsonian 178141 Smitaw, Kapuas 0.5500000 111.9666670 0 0 1 0 1 2 
2-2(1) LIPI 3867 Central West Borneo -1.4010099 113.2777977 0 0 1 0 0 1 
2-3(0) LIPI 20.723 
Palangkaraya Kota, Kalimantan 
Tengah 
-2.1210170 113.8660895 0 0 0 0 0 0 
2-4(1) ANHM 447767 S. Borneo, Parit -2.1666668 113.0000000 0 0 1 0 0 1 
2-4(2) Smithsonian 181051 
W. Borneo, Kapuas River, 
Sanggan 
-3.3468652 114.6464539 0 0 1 1 0 2 
2-4(4) Smithsonian 181571 S. E. Borneo; Klumpang Bay -3.8049067 114.7720241 0 0 1 2 1 4 
2-5(4) LIPI 25.345 Tabang East Borneo  0.4143226 116.0709858 0 0 1 2 1 4 
2-5(3) LIPI 4569 Moeara Wahau M o Borneo 0.9743029 116.6188431 0 0 0 2 1 3 
2-6(4) Smithsonian 248012 Sungai Karong Musmus 0.5070302 117.1574548 0 0 1 2 1 4 
 
Museum codes: AM American Museum of Natural History; LIPI Indonesian Institute of Sciences; SWK Sarawak Museum; SBH 
Sabah Museum; NHM British Natural History Museum; ZRC Raffles Museum; Smith NMNH Smithsonian; WFVZ Western 
Foundation of Vertebrate Zoology; and LSU Louisiana State University Museum of Natural Science.  
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APPENDIX XII 
Plumage data from male Copsychus saularis from Java. 
Population
(HIS) 
Museum/ 
Institute 
Catalog # Locality Lat Y Log X 
Rectric 
1 
Rectric 
2 
Rectric 
3 
Belly 
Undertail 
Covert 
HIS 
3-1(0) LIPI 23.694 Sumur_S_Banten_West_Java -6.6574571 105.5827546 0 0 0 1 0 1 
3-2(1) LIPI 3352 Buitenzorg -6.58 106.79 0 0 1 0 0 1 
3-2(0) LIPI 152 Buitenzorg -6.58 106.79 0 0 0 1 0 1 
3-3(3) LIPI 19532 Bandjarwanfu Tjikadjang West Java -7.366667 107.783333 0 0 0 0 0 0 
3-3(2) LIPI 74322 
West_Java_Tikadjang_Ond_Bandjar
wang 
-7.366667 107.783333 0 0 1 1 1 3 
3-3(0) LIPI 74555 
Gedangan Res Samarang Midden 
Java 
-7.366667 107.783333 0 0 0 1 1 2 
3-4(2) LIPI 19516 Karang Bolang Mid_Java -7.754 109.4586 0 0 1 0 0 1 
3-5(4) LIPI 6464 Dglegong Japare Middle Java -6.5860801 110.6668469 0 0 1 2 1 4 
3-5(3) LIPI 27.985 Bekol Baluan East Java -6.5860801 110.6668469 0 0 0 2 1 3 
3-5(2) LIPI 6465 Djlegong Japare Middle Java -6.5860801 110.6668469 0 0 1 1 0 2 
3-6(4) AMNH 580147 Bali -8.1072767 115.289492 0 0 1 2 1 4 
 
Museum codes: AM American Museum of Natural History; LIPI Indonesian Institute of Sciences; SWK Sarawak Museum; SBH 
Sabah Museum; NHM British Natural History Museum; ZRC Raffles Museum; Smith NMNH Smithsonian; WFVZ Western 
Foundation of Vertebrate Zoology; and LSU Louisiana State University Museum of Natural Science. 
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